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THE RELATION OF GREEN MANURES TO NITROGEN FIXATION 1 
H. L. FULMER 

From the A&rkuUural Experiment Station of the University of HTjwiui* 

Received for publication M«rcb 12, 191 J 

INTRODUCTION 

The lack of nitrogen and organic matter in many cultivated soils is noted 
by a decrease in the crop yield. This deficiency is most apparent in the older 
farmed soils where cultivation and removal of crops has been practiced for 
a number of years. In order that crop production may be increased, it is 
important to study the most economical method for supplying nitrogen and 
Organic matter. The turning under of green manures offers a possible solu- 
tion. Aside from the plant-food returned with the green manure, it frequently 
benefits the physical and biological properties of the soil. The total number 
of soil microorganisms, as well as the different groups of microorganisms, 
is markedly influenced by the addition of green manure. This effect on the 
soil flora is reflected in the fertilizing constituents made available for plant 
growth. 

!Many investigations have been directed toward this phase of the problem 
and much valuable information has been obtained concerning the relation of 
green manures to biologic processes in'soil. From a review of the literature, 
it appears that the effect of green manures on nitrogen fixation deserves fur- 
ther study. Accordingly, experiments were planned to investigate the rela- 
tion of green plant tissue to free nitrogen-fixing organisms. The nature of 
the problem may be seen from the following brief review of the literature. 

HISTORICAL 

Berthelot (2) was the first to note a gain of nitrogen through the action of 
biological agents on the humus of the soil. In 1902 Henry (9) observed an 
increase in nitrogen when forest leaves were allowed to decompose in soil. 
His results were confirmed by Suchting (25) and Hornberger (il). 

Koch (15) foiled a 10 per cent increase in total nitrogen of soil which had 
been allowed to stand for 1\ years. This increase he attributed to the 
assimilation of nitrogen by the non-symbiotic nitrogen-fixing organisms. 
Krzemieniewski (18) studied the gain in nitrogen with pure cultures of AzoUh 
barter chroococcum, Radiobacter , and Granulobacter in solutions containing soil 

1 Published with the permission of the Director of the Wisconsin Agricultural Experi- 
ment Station. 
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humate. Aft' fctritarcs showed an increase in nitrogen from the use of 
humate, especially when the first two organisms were grown together. Remy 
and R&sing (23) obtained similar results with t^e use of soil humate. They 
concluded that the iron contained in the humate probably acted as a stimu- 
lant for the nitrogen-fixing organisms. 

In a sandy soil, Koch and his associates (16) obtained nitrogen fixation by 
the addition of dextrose, cane sugar, or starch. There was practically no 
increase shown when straw, filter paper, or buckwheat was applied. The 
addition of green mustard in a dried, pulverized form resulted in a loss of 
nitrogen, which loss, they thought, was due partly to the escape of ammonia 
from the decomposing mustard. 


Koch (13) showed that the beneficial effect of sugar, i.e., gain in nitrogen, 
may be noted by an increase in crop yield. During the first year no increase 
was noted; however, in the second and third years the treated series showed 
an increase in crop yield. In a later publication (14) the same author noted 
that cellulose may be used as a source of energy for nitrogen-fixing organisms 
provided the time of incubation is long enough for the cellulose to decompose. 
The greatest gain in nitrogen occurred where the largest amount of cellulose 
was digested. For each gram of carbohydrate consumed, cellulose gave a 
greater fixation than dextrose. 

According to Hutchinson (12) winter applications of sugar and starch bene- 
fited the crop yield. However, spring applications failed to give an increase. 
He attributed this difference to the effect of the season on Azotobacter. Hoff- 
mann (10) found an increase of nearly 1000 pounds of nitrogen per acre as 
a result of three years’ treatment of soil with sugar. Similar results were ob- 
tained with starch, but the gain was not so marked. In 1910, Marr (20) 
reported that straw alone when added to soil increased nitrogen fixation; 
sugar, also, favored this process. 


Expedients carried out by Pringsheim (22) showed that the nitrogen-as- 
sunila ting organisms can make use of decomposing cellulose as a source of 
energy. Recent investigations by Bottomley (3) have shown that soluble 
humates may be used by the nitrogen-assimilating organisms. 

Hanzawa (8) employed humus from stable manure and from green manure 
ZZZT? In soluti °" ^ noted that stable-manure 

!T Z , r0gen tol r.’ While humus proved inju- 

with green manure > ‘ ^ ° f terminations were made 

t' 9) f m * d ° n Similar cx P eriments - They worked with 
Bdferil f^ccum, Beijerinckii, Vinelandii, and 

ow 
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MATWAX. 

» ....... 

NTOOGIX ASSIMILATED 

IN 100 CC, OT tOlUTtOM 
Arm mu wuu 

Fresh straw , v 

mfw, 

10 0 

Fresh stable manure 

9 8 

Fresh peat 

9.3 

Green manure 

8.0 

Be^erinck’s mannit solution alone . . 

5 6 


The results show that all of the organic substances, when added to the 
mannit solution, aided nitrogen fixation. Apparently straw, stable manure, 
and peat furnished the best sources of energy for the nitrogen-fixing organ- 
isms. These investigators stated that more nitrogen was assimilated by the 
mixed cultures than by any one of the individual strains. 

When the stable manure, green manure, peat, and straw were converted 
into humus under aerobic or anaerobic conditions, the effect on nitrogen fixa- 
tion was as follows: 




KITtWUtX AMTMI 


condition! rot 

LA TED IX 100 CC. OT 

MATEUAL 

SUM US FOE M ATI OX 

•oiimoK a mi 



mu wnu 



mgm. 

Stable manure { 

Aerobic 

14 4 

Anaerobic 

13.6 

Green manure 

Aerobic 

9.0 

Peat | 

Aerobic 

8 7 

Anaerobic 

9.9 

Straw | 

Aerobic 

Anaerobic 

10 9 

10,4 


After humification, the stable manure takes first place as an energy source 
for the free nitrogen-fixing organisms. This difference may be due to the 
higher content of cellulose material Here, unlike Hanzawa’s results, green- 
manure humus, as well as the green manure, enhanced nitrogen fixation. 
In his study of the carbon and nitrogen balance in the soil, Felber (7) ap- 
plied dried, pulverized straw and obtained nitrogen fixation in both sand and 
and clay soils. Brown and Allison (4) treated soil in pots with stable manure, 
straw, stover, and hay. Both leguminous and nondeguminous hays were 
employed. A gain in nitrogen was the result of these treatments. The tis- 
sue from non-legumes gave a greater gain than that from legumes. 

Because of their bearing on the experiments described in this paper, the 
results of Dvorak (6) deserve special consideration. He found that varying 
amounts of nitrogen are fixed when Azotobacter is grown in a solution con- 
taining carbohydrates from different sources. Comparisons were made of 
the amount of nitrogen fixed in the presence of glucose with that fixed from 
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oak leaves, clover, maple leaves, straw, alfalfa, com stalks, lupine, com roots 
ajid stubble, and pine needles. These materials were dried, ground, and 10- 
gram portions added to 250 cc, of tap water containing 1 per cent of calcium 
carbonate and 1 per cent of dibasic potassium phosphate, except clover, 
♦lupine, and alfalfa which were added In a green, crushed form. This solution 
was placed in 2-liter Erlenmeyer flasks, sterilized, and inoculated with a pure r 
culture of Azoiobackr ckroococcum . The gain in nitrogen is shown in the fol- 
lowing table adapted from Dvorak’s results. 


MATOUL 

XrntOGtM ASfflWUT© 

Uf 100 cc. or solotiok 

Arm four vuu 

1 

Glucose 

23 04 

7.36 

7 12 

5.60 
i 4.48 

2.24 

2 20 

Coro roots and stubble 

Clover 

Straw (wheat) 

Corn stalks 

Oak leaves 

Lupine 

Alfalfa 

1 M 

Maple leaves 

I . % L 

t .48 

Pita needles 

0.88 


The value of corn stalks for nitrogen fixation is dearly shown by the figures 
in the table. Of all the substances, with the exception of glucose, corn stalks 
gave the highest gain in nitrogen. In a descending scale, dover and wheat 
straw rank next in stimulating nitrogen fixation. The indirect beneficial 
effect of plant Ussue on nitrogen fixation is clearly established from the results 
given in this table. Dvorak concluded that the greatest gain in atmospheric 
nitrogen by Azokbutcr ckroococcum was obtained from compounds with low 
carbon and with high oxygen content. He thought the small fixation of ni- 
trogen in the case of pine needles was due partly to the presence of terpenes 
and tannir and r r 


Stoklasa (24) tested the availability of various sugars for Azolobacler ckro - 
<x«cum. A comparison of arabinose, saccharose, xylose, glucose, galactose, 
fructose rhamnose lactose, and maltose showed that in liquid cultoes the 

rE.se < * CUrred ** ««“»• lowest with 

al-mw; ° n ^lysaccharides, various alcohols, sugars, 

mcZ d ? fl ' " T 5 that “ * soil with the proper 

a suitable source “^provided 

periments was plannedTo studvte 5? °r 8 *“* ° f 

foatioo udy effect of green manures on nitrogen 
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METHODS 

Two common held crops, a legume and a non-legume, were selected. Theie 
plants were chosen because of their difference in content of nitrogen and pen* 
toap. The results of many analyses by During (5) show that non*legumes 
are, as a rule, much higher in pentosans than are legumes. Since pentosans 
zit easily hydrolized to pentose sugars, they are important from the stand- 
point of the independent nitrogen-fixing organisms. 

Red clover (Trifolium praknse ), oats ( Avena saliva), and wheat \TrUkum 
v ulgarc) were used as green manures. The plants were cut into fine pieces 
with scissors and 1.5 per cent of the grfcen tissue added to the soil, or 0.5 
per cent on the dry basis. This amount was selected because it approximates 
a good crop of wheat, oats, or clover. Total nitrogen analyses were made of 
five representative samples of tissue at the time it was added to the soil. The 
average of these analyses is given in the tabular data under the heading 
“nitrogen added to 100 grams of soil.” The nitrogen of the green manure 
was subtracted from the total analyses of the treated soil. 

Two types of soil were employed, one a field soil classed as Miami silt loam, 
and the other a garden soil classed as a member of the Clyde series. These 
two soils were selected because of their difference in organic matter. The 
field soil is medium low, while the garden soil is high in organic substances, 
The soils were sieved thoroughly, mixed, and 400-gram portions on the dry 
basis were weighed out. The green tissue was then added to the soil and the 
whole thoroughly mixed. In order to secure aeration, the soil was placed in 
shallow soup plates. These were incubated at 25°C. The soil moisture 
was maintained at 25 per cent, which represented about half saturation. At 
regular intervals, the loss by evaporation was replaced by the addition of 
distilled water. 

The first total nitrogen determination was made after 2 weeks and again 
after 4, 6, and 8 weeks. For each analysis one plate of soil from each 
similarly treated group was used. The soil ^as dried, pulverized, and 
thoroughly mixed on glazed paper. Ten-gram samples were then taken for 
analysis. 

In all nitrogen determinations the greatest care was exercised. Only the 
purest chemicals were used. The contents of the flasks were digested until 
clear and the heating continued for another hour to insure complete digestion. 
All analyses, unless otherwise stated, were made according to the Kjeldah! 
method modified to include nitrate nitrogen. The reagents were made up in 
amounts large enough to last throughout the work, thus insuring greater 
uniformity in results. The* standard acid and alkali were frequently checked 
from time to time. The period of distillation lasted for at least an hour. 
The standard add and alkali in these experiments were of N/10 normality. 
Cochineal was used as an indicator. 
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Nitrogen* fixation in garden soil treated with green clover and green wheat 

A scries of plates was arranged as follows: 

a. Four plates of garden soil untreated. 

b. Four plates of garden soil plus 1.5 per cent of green clover. 

c. Four plates of garden soil plus 1.5 per cent of green wheat. 

The results of this experiment are recorded in table 1. 

TABLE i 

Effect of green clover and green wheat on nitrogen fixation in garden soil 


NinoGJtw ix 100 cu oi son. 




a* 
















Alter two weeks 

After four week* 

After six weeks 

After eight weeks 

HO 

UKATiatfT 













|3 

I s - 

u 

| 

£ 

f 

< 

\ 

j 

1 

£ 

5 

s 

< 

Increase 

Total 

| 

> 

< 

Increase 

1 

£ 

i 

a 


f*f itn t 

mgm. 

wifm. 

*flN. 

mgm. 

mgm 

mgm. 

mgm. 

»|*K. 

mgm. 

mgm. 

mgm. 

Bgj 

mgm. 

1 

None 

None 

413 0 



410 2 



410 2 



406.0 



2 

None 

None 

417 2 

416.4 


410.2 

409.8 


411 6 



407 4 



3 

None 

None 

417 2 




407.4 

409.4 


406 0 



4 

None 

None 

[417 2 



411 6 



410 2 



403.2 



5 

None 

None 

417 2 



407.4 



407.4 



407.4 



6 

1 . 5 clover 

13 2 

423 6* 



413.8 



413.8 



406.8 



7 

1 5 clover 

13.2 

4194 

421 4 

s.oi 

! 

412 4 

412.7 

2.9 

413.8 



405.4 



8 

1 . 5 dover 

13 2 

422 2 

411 0 

412.4 

412.7 

3.3 

408.2 

407.9 

1.9 

9 

1 5 clover 

13 2 

418 0 



413 8 



412 4 



408.2 



10 

1 . 5 clover 

13 2 

423 6 



412.4 



411.0 



411.0 



11 

15 wheat 

11 S' 

425.3 



412.7 



415.5 



416.9 



12 

13 

1 5 wheat 
t 5 wheat 

11 5 | 
11 5 j 

426.7 

418.3 

422.2 

5.8 

409.9 

412.3 

2.5 

415.5 

414 1 

413.8 

4 4 

411.3 

411.3 

411.6 

5.6 

14 

15 wheat 

11.5 | 

416.9 



414 1 


1411 3 



414.1 



15 

1.5 wheat 

11 5 ! 

423 9 



412 7 



412.7 



404.3 




•■The green manure nitrogen was subtracted from the total nitrogen of the treated soB. 


Different plates of soil were used for each analysis instead of miring samples 
of soil from the same plate. The decrease in nitrogen of the untreated soil 
after four, six, and eight weeks is due most probably to a change in methods 
and not to any actual loss of nitrogen. All the figures given in the vertical 
columns represent the results of analyses made at the same time, i.e„ the 
methods followed were alike, 5 

It will be seen by an examination of the vertical columns of table 1 and 
gure 1 that in every case the treated soil, after allowance is made for the 
green-manure nitrogen present, showed a gain in nitrogen over the untreated, 
here was some variation in the amount of nitrogen assimilated dep ending 
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upon the period of incubation. The greatest gain was obtained two weeks 
after the green manure was added. 

A comparison of these two green manures indicates that clover is more 
beneficial during the early stages of decomposition, while wheat is beneficial 
for* much longer period of time. Apparently the non-legume gives a greater 
gain in nitrogen than the legume. This difference in favor of wheat is perhaps 
due to the higher content of carbohydrate material. 

Under the conditions of this experiment, it seems safe to conclude that 
green manures as clover and wheat when added to soil furnish some substance 
which benefits the nitrogen-fixing flora. 
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be be be be 

2Ws«ka 4 Week* 6 Weeks 6 Weeks 


Fig. 1. Milligrams or Njtrocen Fixed in 100 Grams of Garden Soil as a Result or 
Adding Green Manure 

fr, clover-treated sofl; c wheat-treated soil. 

Nitrogen fixation in field soil treated with green clover and with green oats 

In order to measure the effect of green man ures on nitrogen fixation in field 
soil, a series of plates was arranged similar to those in the preceding test, with 
the exceptions that green wheat was replaced by green oats and a different 
sample of green dover was used. The results of previous study showed that 
the fidd soil was lower than the garden soil in both organic matter and the 
total number of bacteria. For these reasons it seemed desirable to make a 
study of the effect of green manuring on nitrogen fixation in field soil. The 
arrangement of the experiment and the results secured are shown in table 2. 
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From the data in table 2 and figure 2, it will be seen that in every case with * 
field soil the treated soil showed a gain in nitrogen beyond that of the un- 
treated. Che results, in many instances, are similar to those of the preced- 
ing test. The greatest gain of nitrogen was shown two weeks after the green 
manures were added. The amount of nitrogen fixed varied at the different 
incubation periods. 

Here, as in table 1, a comparison of these two green manures indicates that 
clover is more beneficial during the early stages of decomposition, while oats 
are beneficial for a much longer period of time. From the data obtained with 


TABLE 2 



,fidd sdl, it 1S apparent that the non-legume gives a greater gain in nitrogen 

T d f ereDCe k most VMy due t0 a hi «her content of 
carbohydrate material in the oats than in the clover. 

Therais considerable variation in nitrogen in sod receiving the same treat- 
m^^erammed at different intervals. These sampl^as in the preeed- 
<Mere “ t Pktes throughout the test instead 
a ^Tin riZlt “rr- “ every the treated soil showed 

IT ?“2 “. T ° f *•* ' mtreated wh en examined at the same 
Paring figures of table 1 with those of table 2 the results 


























RELATION OF GREEN MANURES TO NITROGEN FIXATION 

H indicate that fidd soil responds to green manuring, i.c., nitrogen fixation, 
better than the garden soil. 

It appears that green manures as clover and oats when added to soil fur- 
nish some substance which benefits the nitrogen-firing flora. 



be be be be 

ZWcekt 4 Weeks 6 Weeks 6 Week* 


Fig. 2. Milligeaus op Nitrogen Fdced in 100 Gears or Field Soil as a Result op 
Adding Green Manure 

clover-treated soil; c , oats-treated soil. 

Nitrogen fixation in field soil treated with green clover f green oats , and 0,5 per 
cent of mannit 

This experiment was made in order tS determine whether an increase in 
nitrogen could be shown with the addition of a green manure in the presence 
of & small amount of mannit. The treatment was as follows; 

a. Two plates of held soil plus 0.5 per cent of mannit. 

b. Two plates of field soil plus 0.5 per cent of mannit plus 1.5 per cent of 
green clover. 

c. Two plates of field soil plus 0.5 per cent of mannit plus 1.5 per cent of 
green oats. 

The samples of this series were analyzed after four and eight weeks. The 
results of this work are presented in table 3. 
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In reviewing the data in table 3 and figure 3, it will be dearly seen that soil 
treated with green manure and mannit gave a- decided gain in nitrogen be- 
yond that obtained with the mannit alone. Here, as in the preceding ex- 
periments, the amount of nitrogen fixed varied with the time of incubation, 
espedally with oats. The greatest gain is noted with oats 4 weeks after treat- 
ment. While the results vary somewhat, there is shown in every case a bene- 
ficial effect from adding green manures to soil of which the nitrogen-fixing 
flora had previously received a stimulus by the addition of mannit. 


TABLE S 


Effect of green clover and green oats on nitrogen fixation in field soil containing 0.5 
per cent of mannit 


TKCATHXNT 

Mintociw 
added to 

100 CIA Ml 
Of (Oil 

xmociN ln 300 cauls or soil 

After four weeks 

After eight weeks 

Total 

Averige 

Incre&ie 

Toul 

Average 

Increaae 

ftr unt 

m. 


mgm. 

MfM. 

mgm. 

mtm. 

mfm. 

None 

None 

282.8 



289 8 



None 

None 

275.8 



284 2 



None 

None 

277.2 

276.9 


289.8 

286.2 


None 

None 

274.4 



282 8 



None 

None 

274 4 



284,2 



1.5 clover 

15,3 

277.3 



291.3 



1 . 5 clover 

15.3 

278.7 



289 9 



1 . 5 clover 

15 3 

281.5 

279.2 

2.3 

291.3 

290.2 

4.0 

1 . 5 clover 

15 3 

280.1 



287.1 



1 5 clover 

15 3 

! 

278.7 

j 



291.3 



1 . 5 oats 

7 3 

! 290.9 



289,5 



1.5 oats 

7.3 

293.7 



> 289.5 



1.5 oats 

7 3 

! 292 3 

292.3 

15 4 

290.9 

289.8 

4.0 

1.5 oats 

7.3 

295 1 



290.9 



1.5 oats 

! 73 

289.5 

! 


l 

288.1 




Therefore, under the conditions of this experiment, it seems safe to con- 
clude that the green clover and the green oats benefited the nitrogen-firing 
organisms. 


Effect of green manures on nitrogen fixation in solution 

If green manures cause an increase in the number of nitrogen-firing bacteri 
it seems probable that green-manured soil will give a corresponding gai 
when used to inoculate Ashby’s (1) mannit solution. Aside from the ^U 
number of n.trogen firing bacteria, it is very probable that the mannit adde 
in the inoculum will have a beneficial effect on nitrogen fixation. 
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4 Weeks 6 Weeks 

Fig. 3 . Milligrams of Nitrogen Fixed in 100 Grams of Fibld Soil as a Result of 
Adding Green Manure to Soil Additionally Treated with Manmt 

a, soil with 0.5 per cent mannit; b, do ver- treated soil + 0.5 per cent maiuut, c, oats- 
treated soil + 0.5 per cent manaiu 
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In order to measure the effect of green manuring on the nitrogen gain in 
solution, 500 cc. Erlenmeyer flasks, each containing 100 cc. of mannit solu- 
tion, were inoculated with 10 gram portions of soil. Six flasks were inoculated 
from each plate of soil. One-half of these were immediately sterilized to serve 
as controls. These inoculations were made at the beginning of the expert-* 
ment and repeated at intervals of two weeks, i.e M zero, two, four, six, and eight- 


TABU 4 

Ejfed oj green (lover and green wheal on nitrogen fixation of garden soil in solution 
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part of its nitrogen in the early stages of growth. In order to determine 
whether the organisms assimilating nitrogen were stimulated soon after inocu- 
lations were made, the cultures were analyzed after short periods of incubation. 
The maximum length of incubation did not exceed sixteen days. 

At the end of each incubation period a total nitrogen determination of each 
flask with the Kjeldahl method not to include nitrates, was made. The 
results of the analyses are recorded in table 4. 



& b c ft b c ft b c ft b c ft b 0 
iWftftK* A Wt«k* bWeftk* aWttkft 

Fig. 4. Milligrams op Nitrogen Fixed in 100 cc. o? Ashby’s Solution Inoculated 
with Treated and Untreated Soil 

Each set was inoculated at intervals of two weeks alter starting the experiment, and these 
•Bowed to incubate for varying periods, a , untreated soil; b, clover* treated soil; c, wheat- 
treated toil. 

The data in table 4 and figure 4 show that in every case green manures en- 
hanced nitrogen fixation. Although the gab in nitrogen is not large, how- 
ever, because of a number of parallel determinations, it seems safe to conclude 
that these substances benefit the fixation of nitrogen in solution. Wheat 
did not prove to be superior to clover as a stimulus to nitrogen fixation in 
solution. Clover gave the best results from boculations made at the begin- 
ning of the treatment, and after six and eight week periods. Wheat did 
better than clover after decomposing for two and four weeks. However, the 
maximum gain was noted with wheat after two weeks. In general these 
results fail to show any relation between the age of decomposing manure and 
the amount of nitrogen^asshnOated. 
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This increase in fixation may be due to one or more agencies: first a greater 
number of nitrogen-fixing bacteria; and second, to the green manure added 
in the inoculum. Because of the small amount of green manure in the inoc- 
ulum, it seems that the greater number of bacteria, as a result of the soil 
treatment, is probably the chief factor concerned with the gain in nitrogen. 

Fixation of nitrogen by pure cultures oj bacteria 

For this test green wheat (Triticum vulgare ) and red clover {Trifolium 
pratense) were crushed into a semi-fluid mass by grinding for several hours 
m a porcelain ball mill. To 1 liter of Ashby's solution, minus the mannit, 
50 grams of the crushed tissue were added and the reaction adjusted to the 
neutral point of phenolphthalein. One hundred cubic-centimeter portions 
of fixture were measured and poured into 1-liter Erlenmeyer flasks 
. 100 cc. portion represented 5 grams of green tissue or 1 gram of dry 
material. Both the oats and clover were near maturity and contained 
smaller amounts of moisture than the preceding samples. The flasks and 

f a "I' 5 ' erilized " the autoclave and inoculated with a pure cul- 
T“ m Which had b * n e rown on a “edim Of the same 

a™m m™T C r I,Ure ***—' had “ •— shown a 

One hif of T f t ” ,l 7T W " gr0W " in 4 1 C€nt “t medium. 

Th Re wire a WWe SteriHzed immediately after inoculation. 

It r USe o 0 a !, COntr0 S ’ The £ntire 5et of flasks was placed in the 26°C 
incubator for 28 days. At the end of this period total nit^n detenni 
nations were made. The results are presented m table 5. * 

the «ln t of eS i? rtS£nte<1 “ taWe 5 ' il a PP e4K ** Azotobacter, in using 

txzisT'Z . In 

strain of AzouZer or to a dMereTce to the m *** * M<tKn(X in the 
However, it seems safe to nss tm u f ^ imposition of green tissue. 

available for this organism is small Oat ti Carbohydlate “ the B"** tissue 
carbon source than dom tlSSUe apparently a better 

desirable to p^f ^brircslimalel^nh ° f th * Se e *P erim ents, it is 
for nitrogen fixation under field conditio^ ^ ° f ^ 

under of 30,000 poumk^rJwf We ‘ ghs 2 ’ 0<>J ’ 000 Pounds, then the turning 
should be followed by a nitrogen £££ oTifo^ ° f ** 

Pams of soil, or 60 to 100 pounds of nitrogen fa « * “ # 
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TABLE 5 

Nitrogen assimilated by Asotobacter chroocoecu m in solution containing green clover ini 
green oats 


Incubated for 28 days at 26 rt C. 


i 

MO. 

TUATMUfT 

NTTIOGIM m 100 cc. Of SOLUTION 

Clover 

Oftti 

Tolil 

Average 

Increue j 

Toul 

Average 

In create 



rngm. 

MfM. 

M(M. 

MfW. 

m{n. 

mtm. 

1 

Sterile 

23 5 



16 8 



2 

Sterile 

23.7 



16 8 



3 

Sterile 

23.7 



16 8 



4 

Sterile 

23,7 

23.7 

j 

16.8 

16 8 


5 

Sterile 

23 7 



16 7 



6 

Sterile 

23,5 



16.9 



7 

Sterile 

23 9 



16.7 



8 

Sterile 

23.9 



16.7 



9 

Azotobacter 

24.6 



17.8 



10 

Azotobacter 

24,4 



17.9 



11 

Azotobacter 

24.3 



17.6 



12 

Azotobacter 

24 3 

24.4 

0.7 

17.6 

17 7 

0.9 

13 

Azotobacter 

24,4 



17.6 



14 

Azotobacter 

24.4 



17.6 



15 

Azotobacter 

24.4 



17 8 



16 

Azotobacter 

i 

24 2 



17.6 




SUMMARY 

The results of all experiments show an increase in the assimilation of ni- 
trogen due to the applications of green clover, wheat, or oats. This increase 
is noted both in solution and soil tests, and with pure cultures of Azotobacter 
growing in a medium containing green tissue. 

Two kinds of soil were used in these experiments and in each case a small 
gain in nitrogen was observed. The variation in nitrogen content, in the un- 
treated soil, is no doubt due to the error of analysis. The contents of sepa- 
rate plates were taken for analysis instead of portions of soil from the same 
container. 

The green manures, probably because of the nature of their carbon content, 
stimulated nitrogen fixation very soon after treatment. It is interesting to 
note that in the majority of cases, the greatest gain resulted with the use of 
non-legume tissue as wheat and oats. These materials contained less nitro- 
gen and more carbohydrate material, and decomposed more slowly than 
clover. 
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CONCLUSIONS* 

1. From the data obtained under the conditions of the preceding experi- 
ments, it seems safe to conclude that green manures, as clover, wheat, or oats, 
when added to soil favor free nitrogen fixation. 

2. A gain in nitrogen was noted in both soils. The increase was highest 
with field soil, due perhaps to a greater number of nitrogen-fixing organisms. 

3. A gain in nitrogen was observed (a) where green tissue was applied to 
soil previously treated with a small amount of mannit; (b) where treated soil 
was used to inoculate Ashby’s solution; and (c) when a pure culture of Aso- 
iobacUr was used to inoculate a sterile solution containing green tissue. 

4. The non-legume tissue stimulated fixation more than the legume, prob- 
ably because of the nature of its carbohydrate content. 

5. The results of these experiments in their entirety show that nitrogen 
fixation results from the addition of green manures to soil. Fortunately for 
the agriculturist, the plants giving best results are the ones lowest in nitro- 
gen content. 
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REVIEW OF LITERATURE 

If the value of an agricultural practice is determined by its age and uni- 
versality, then that of liming must be well established, for the use of lime 
has been common to all lands since antiquity, Sound instinct has deter- 
mined the use of lime and it is only the recent vogue of commercial fertilizers 
that has prevented liming from receiving the consideration which is its due. 
It is well known that the choice of one form of lime over another depends of 
necessity upon a variety of factors, such as soil texture, of organic matter 
content, items of cost, etc. It has been generally assumed in the past that 
burnt or slaked lime is more efficient than ground limestone for agricultural 
purposes. While much evidence has been offered to substantiate this claim, 
nevertheless, recent investigations have paved the way for the belief that 
limestone ground sufficiently fine may be considered as equivalent, if not 
superior, in value to the caustic forms of lime. Consequently, it is desirable 
to establish, the possibilities and limitations of such contentions. To this end, 
one promising field of endeavor has furnished the basis for this investigation, 
namely, how do different grades of pulverized limestone influence crop yields, 
the chemical and bacteriological factors in soil fertility, and furthermore, 
how do they compare with the effects produced by burnt lime? More par- 
ticularly the problem has been attacked from the following standpoints: the 
effect of different degrees of fineness of pulverized limestone on crop yields on 
different soils; the rate of neutralization of soil acidity; the bacteriological 
processes of ammonifkation, nitrification and nitrogen-fixation; the loss of 
limestone in drainage and the composition of the drainage water. While 
these may at first appear to be primarily scientific considerations, an attempt 
will be made to indicate their direct practical significance. The conclusions 
arrived at when taken in conjunction with other considerations may well 
furnish the basis for choice in the purchase of lime and therefore have an 
essential bearing upon the fanner’s agricultural practice, 

In approaching the problem concerning the influence of the different de- 
grees of fineness of division of pulverized limestone, it is of interest to review 
the investigations pertinent to the subject at hand. 

A thesis presented to Rutgers College in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy, 1917 . 
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Heinrich (39) appears to be the first investigator to report such data. 
The following results were recorded by him in 1908. 


at ADM 

K AS 

UCBUtl 

MM. 


gram 

I 5 2 0 


17.1 

1 0-15 


22.7 

0. 5-1.0 


28.9 

0 5 * 


28.9 

No Ca -f Fertilizer 


0 

No Ca + No fertilizer 


0 


He concludes from his work that the finer the grade of limestone the better 
the results obtained. 

Voelcker (1 10) has compared “coarsely ground with finely ground” limestone 
and burnt lime when applied to the ordinary Woburn soil in the usual manner 
for the growth of wheat. Although the author does not state the degree of 
pulverization, nevertheless, the yields with the finely ground material are 
superior to these obtained with coarser, whether calcium or magnesium lime- 
stones were employed. Further, burnt lime was inferior to ground limestone 
whether coarse or fine. This result, Voelcker maintains, “is quite borne out 
by experience on the field scale in the Stackyard Field (plot 2bb) where ap- 
plications of burnt lime have not shown good resists at the outset in the 
case of wheat, but have required time to “work.” This opens up the question 
as to whether the alkalinity’ of the burnt lime applied has had an influence, 
in lowering the crop yield; also a further question as* to whether the changes 
due to the use of lime may not be of a biological rather than a chemical 
nature.” This interesting line of work is being prosecuted further by the 
author. 


H. von Feilitzen (22) has compared slaked lime with pulverized limestone 
of the following grades: 0.2 mm., 0.2 to 0.5 mm, 0.5 to 1 mm, 1 to 2 mm. 
and 2 mm. He finds that slaked lime gives greater yields than calcium car- 
bonate and both increase with an increase in fineness of division. The data, 
however, are not regarded as conclusive and the need for further experimenta- 
tion is suggested, 

Brehmer (8) treated a loam sod with limestone of different degrees of 
fineness (no mention being made of the degree of pulverization). The Let the 

™ th ' tacrease in a °P ^ whik “ mature of 67 per 
ceDtCaCO, with 33 per cent CaO proved superior to the most highly pul- 

jSL’jST, b the * experiments ^ incries 

were not greater than between duplicates receisdng the 

- 35) 'T" 5 (4) 11111 the solubility of llcium 

carbonate m marl mcreases proportionally with the amount of ibonatl k 








INFLUENCE 01 LIMESTONE ON CRC* YIELD • 21 

contains and the increased pulverization of the particles. The matter will 
bear further discussion in another connection. 

The Rhode Island Agricultural Experiment Station (92) has published the 
early results of an experiment dealing with the growth of mangels and carrots 
when treated with limestone of varying degrees of pulverization. Their 
results are as follows: 


TVEATUBNT 

| Manuels, (913 

CAllOTS, ]«H 


poundi 

fnindi 

No lime 

107 

175 

10-20 Mesh limestone 

138 

314 

20-24 Mesh limestone 

204 

469 

40-80 Mesh limestone 

m 

563 

Unsifted. 

279 

470 



The material coarser than 1/20 inch had little effect in the first year but 
considerable effect in the second. Whether this Ls due to a crop difference 
or one depending primarily upon increased availability of the limestone is 
considered questionable. It is evident, however, that in both cases an in- 
crease in fineness of division of pulverized limestone was parallel^! by an 
increase in pop yield. 

Thomas and Frear (104) have very recently published data indicating the 
importance of fineness of division in the use of pulverized limestone. The 
grades of limestone employed by them were as follows: 1/20 to 1/40 inch, 
1/40 to 1/60 inch, 1/60 to 1/80 inch, 1/80 to 1/100 inch, and finer than 1/100 
inch. Clover^ was grown in two soils held in paraffined baskets. The air- 
dry weights recorded indicate a progressive increase in yield as the limestone 
was more finely divided. This contention is limited by the fact that the 
authors obtained variations between soils receiving the ^me treatment as 
great as the differences between successive treatments. According to Frear 
the results of this investigation are being corroborated in a continuation series 
of experiments. * 

Ames and Schollenberger (3) determined the lasting effects of magnesian as 
compared with calcareous stone ground to different degrees of fineness. While 
the crop yields show as yet no marked differences, which is probably due to 
the high fertility of the soil employed, the authors concluded that the fine- 
ness of limestone is an important factor. in determining its effectiveness. 
Material 100 per cent of which passes 10-mesh and 50 per cent of which passes 
50-mesh and 35 to 40 per cent of which passes 100-mesh sieves is highly 
effective as a soil amendment; while material not finer than 1/20 inch produces 
but slight benefit in correcting soil acidity. Thus the results obtained in 
Ohio OUToborate those of Pennsylvania, where it is recommended that ground 
limestone should pass at least a 60-mesh sieve. 

Since the following experiments included a comparison of burnt lime with 
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the (Mffe rent grades of pulverized limestone in many instances, it it relevant 
at this point to consider briefly the previous work bearing upon this subject. 
Several of our agricultural experiment stations have given this matter con- 
siderable attention and especially noteworthy are the results obtained at 
Pennsylvania which cover a period of more than thirty years (30). The 
crushed limestone plats have given consistently higher yields than the plats 
which received the burnt lime dressing. An interesting point, established as a 
result of pot experimentation, is that on soils having a lime requirement 
(Veitch) over 1000 pounds of CaO per acre, ground limestone is manifestly 
suj>erior to calcium oxide, while the differences on more alkaline soils are 
slight and more variable. 

Patterson (85) also conducted field experiments for more than eleven years 
with caustic lime, by burning both stone and shells, and the carbonate of lime 
in ground shells and shell marl. The average crops of maize, wheat and 
hay were all larger on the plats treated with carbonate of lime. 

Adams (1) states as a result of comparative work that no appreciable dif- 
ference was noted in the benefit derived from an application of the same 
quantity of calcium oxide, whether in the form of ground limestone or in 
hydrated lime. In a recent bulletin of the Rhode Island Extension News 
Service *a comparison of 80-mesh limestone with slaked lime shows that 
practically the same yield was obtained in each case 

Thorne (106) also has stated that “in actual practice, the experiments*made 
by the Ohio Experiment Station have shown practically no superiority of one 
form of lime over another, provided the limestone has been so ground that 80 
per cent of it will pass a sieve having 100 meshes to the linear inch, and pro- 
vided also of course, that the two materials are used on the basis of actual 
calcium contained. 


Saul (95) recommends finely ground limestone as superior to burnt lime, 
without furnishing. experimental evidence to that effect. 

Hardt (38) obtained larger yields with marl than with calcium oxide when 
applied in equivalent amounts to a heath soil under a five-year rotation with 
legumes every year. 


Hoffman (41) gives the results of 79 experiments upon 150 farms in 17 
regions of the German Empire. In most cases burnt lime was beneficial. On 
light soils poor in humus and in dry seasons the carbonate was superior to 
the quick lime, 

Mey« (73) grew mustard and beans alternately for four years in pots of 
sandy loam treated with different forms of lime. As a result of this experi- 
rnent, e ) ields resulting from the application of ground limestone and cal- 
oum carbonate (c.p.) were calculated as 100 and the burnt lime received then 
a valuation of only 95. The ground limestone had the Mowing me chanical 
analysis: , 4.3 per cent of flour (equivalent to no. 100 Thomas slag sieve), 

smi£Z l i?l °' 5 m “-’ ^ 43 ^ “ nt °- S - but 
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Mooers (76) reports comparative experiments with ground limestone and 
caustic lime conducted for four years with a variety of crops including corn, 
wheat, oats, barley, sorghum, clover, grass, cowpeas and cotton. He con- 
cludes that “in these trials two tons of ground limestone proved somewhat 
superior to one ton of burnt lime.” 

Voorhees, Lipman and Brown (113) concluded, with certain reservations, 
from their investigations of the comparative value of different forms of lime 
that “the carbonate led to the production of more dry matter, more nitrogen 
and more ash than did the burnt lime.” 

Porter and Gaut (91) conclude from their comparison of cob (kiln) lime, 
ground lime and ground limestone as top-dressings for various pastures, with 
and without manure, that ground limestone was more profitable for grass 
lands in need of lime than CaO. 

Yokayama (124) maintains as a result of experiments with oats grown in 
sand cultures that precipitated calcium carbonate is far more effective than 
fine limestone meal in increasing crop yield. 

Ellett (19) emphasizes the importance of relative cost in calculations con- 
cerning the use of different forms of lime and maintains that ground limestone 
gives results as good as those obtained with burnt lime. 

H. von Feilitzen (21) found that slaked lime gave greater yields than car- 
bonate, but the data are not conclusive. In a later publication (22) the same 
author reported results obtained showing that calcium carbonate was as valu- 
able as burnt lime on acid soils poor in lime. 

Wright (123) in investigations conducted on- medium and light soils found 
that in the beginning burnt lime was superior to gas lime, but that in the 
seven succeeding years of the rotation, the latter was much more beneficial. 
In that period it gave a total increase of more than three times the value of 
that produced by burnt lime and because of the lower cost proved much more 
profitable. A 

Riggl (93) found that calcium carbonate as a top-dressing was preferable to 
burnt lime except where the latter was used in very small amounts. He is of 
the opinion that burnt lime is better than calcium carbonate because of the 
physical and bacteriological effects resulting from the finer state of division 
of the particles. 

Voelcker (111) states as a result of some grass experiments that “it is still 
early for the application to tell, but at the present time if any plots were 
selected for choice they would be plots 4 and 5 where ground limestone and 
ground chalk, respectively, have been used. Ground lime also seems to have 
done better than lump limp ” 

Barker and Collison (5) discuss the superiority of ground limestone over 
burnt lime, and, without publishing data, conclude that 10-mesh limestone is 
to be recommended. 

Rothert (94) in noting the depressing effect upon crop yield of increased 
quantities of burnt lime find that oij a loam soil barley gave a greater yield 



2 * 


NICHOLAS EOPELOFF 


with 0.5 per cent of calcium carbonate than with 0.25 per cent of burnt lime. 
Jn sand the reverse was true. 

4 Lauder, Fagan and Steele (58) record the beneficial effects of ground lime 
and waste carbonate for finger and toe disease. They state that when the 
latter product is available it may be employed instead of burnt lime with 
satisfactory results. 

Grantham (36) in a preliminary report asserts that ‘/results thus far indi- 
cate that the carbonate of lime is practically as effective as the burned forms 
of lime in promoting the decomposition of organic matter and the availability 
of nitrogen.” 

The effect upon soil reaction of applications of limestone has been the 
subject of investigation by the Pennsylvania Agricultural Experiment Station 
(29, 117, 118). In this connection it may be stated that Dr. W. Frear has 
contributed one of the most valuable and comprehensive surveys of the 
literature dealing with liming (30). Because of the thoroughness of his recent 
bulletin it has been unnecessary in the present instance to do more than 
briefly indicate the nature of the problems attacked by various investigators 
concerning pulverized limestone. A morfe complete discussion will be found 
in the above-mentioned bulletin which has furnished material for this bibliog- 
raphy. In an experiment on nitrification, White (118) found that at the 
end of four weeks an increase in fineness of division of limestone used was 
responsible for a corresponding decrease in the lime-requirement of fie soil. 
The influence of crops upon soil reaction has also been an interesting point 
established by Gardner and Brown (34) in plot experiments with white clover. 
In general it was found that the soils of the unlimed plots showed an increase 
in acidity on the average after the crop roots had been removed, and even 
those limed or treated with fine carbonate of lime in quantity sufficient to 
neutralize the original acidity were found to be acid to a slight degree after the 
crop was re mo veil. 

\ eitch (U)9) has observed that different plants affect the soil reaction 
differently. 

Upman and Blair (64) found in the course of field experiments that after 
a number of years plots (including one series unlimed, the other treated with 
limestone) were acid; those of the unlimed groups requiring from 1000 to 2000 
pounds (average 1840 pounds) of lime per acre, while those of the limestone- 
treated group averaged about /00 pounds. Volunteer clover sprang up on 

most of these plots, but its yield on the limed plots was double that on the 
un limed. 


The beneficial effect of ground limestone upon the growth of legumes has 
been observed by the following investigators: Baessler (4), Hardt (38), Lip- 
man (63). Stevenson and Weston (100), Peter and Jones (88) and many 


Various technical phases as well 
limestone have been treated in an 


as general discussions pertaining to ground 
interesting manner by Ames (2), Bernard 



INFLUENCE OF LIMESTONE ON CROP YIELD 


.25 


(6), P. E. Brown (14), Dumont (18), Fippin (23), Fischer (25), Frear (30), 
Frear and Thomas (31), Johnston (50), Morse (77), Neuffer (81), Pfeiffer 
(90), Simmermacher (99), Slrebut (101), Takeudii (103), Wheeler (115) afid 
Whitson and Weir (119). 


THE EFFECT OF FINENESS OF DIVISION OF PULVERIZED LIMESTONE ON CROP 

YIELD, NITROGEN CONTENT AND LIME-REQUIREMENT OF VARIOUS SOILS 

It is apparent from the foregoing review that there is a paucity of experi- 
mental evidence concerning the different grades of pulverized limestone and 
their relative value compared with the burnt forms of lime. The practical 
significance which attaches to this problem is responsible for the following 
greenhouse experiments which were begun in the summer of 1914. Crimson 
clover was grown on soils which may be regarded as typical of rather ex- 
tensive fertile areas in the United States. These were respectively desig- 
nated as Carrington (Iowa) silt loam, Wooster (Ohio) silt loam, Cumber- 
land (Tennessee) silt loam, Norfolk (Virginia) sandy loam, Sierra (California) 
sandy loam and Portsmouth (New Jersey) acid muck. They were obtained 
through the courtesy of Dr. P. E. Brown, Prof. C. K. Thorne, Prof. C. A. 
Mooers, Dr. J, W. Schoene and Dr. J. G, Lipman. The procedure was to 
fill 10-pound glazed earthenware pots with soil to which was added 2 grams 
of add phosphate (14 per cent P 2 O 5 ) and 1 gram of potassium chloride (50 
per cent KjO). (All soils used in this and following experiments were from 
unlimed and unfertilized plots and were air-dried, thoroughly mixed, and 
sieved through a 12-mesh sieve.) Limestone was then added which had been 
pulverized and hand-sieved as follows: 20 to 40-mesh, 60 to 80-mesh, 100 to 
200-mesh and finer than 200-mesh, as well as calcium oxide (c.p.) which had 
been ground in a mortar. The limestone used was a uniform crystalline grey 
limestone having the following composition: 


SiO,.... 

RjOj, . . 

CaCG,. 

MgCOa. 


pff Cf*l 

3.75 
1 72 
92.00 
3.45 


The lime was added in quantities sufficient to neutralize the soil acidity 
as determined by the Veitch method. The lime-requirements of the different 
soils in pounds of CaO per acre were as follows: Carrington silt loam, 3700; 
Wooster silt loam, 4000; Cumberland silt loam, 3400; Norfolk sandy loam, 
2300; Portsmouth add muck, 8733; and Sierra sandy loam, alkaline. Thirty 
tested seeds of crimson clover were planted in each pot on February 10. The 
plants were thinned to 15 in number by April 15 and the pots kept at opti- 
mum temperature and moisture conditions, being made up to weight twice 
weekly. The crop was harvested June 29. During the warm weather thrips 
attacked the plants and frequent spraying* with nicotine sulfate became neces- 
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sary. However, the crops were not unduly injured. The results of the crop 
yield (dry matter), per cent of nitrogen, nitrogen content in grams, and origi- 
nal and final lime-requirements are recorded in tables 1 and 2. 


table t 


The effect of fineness of division of pulverized limestone on crimson clover and lime-requirement 
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TABLE 2 


Tki effect of fineness of division of (ml Tensed limestone, oh crimson rioter and lime- requirement 


Ht A TU KM 


wrtOHT DfPt.I 
“F CIO? C a 1 1 


Avrt- 

AO* 


NITtO- MTU)' 
<W.N UKN 


AVM- 

AtlB 

NlTtO- 

(JKH 


TOTAL 

MTIO* 

©BN 


Sierra sandy loam 




framj 

trams 

pftifnt 

put (HI ! 

prrtnU 

fMm 

Check (Minerals) 

32.3 j 

37 0 

34.7 1 

2 06 

2.01 ! 

2 04 

0 71 

2 . 6 grams, 2(M0 mesh 

37 0 

41 $ 

39.8 

1 94 

1 92 

1 93 

0 77 

2.6 grams, 60-80 mesh 

44 6 

45 3 

45 0 1 

1 92 

1 90 

1 91 ! 

0 86 

2 6 grams, 100-200 mesh 

36.5 

38 0 

37 2 

1 68 

1 70 ! 

1 69 

0 63 

2 6 grams, 200 -f mesh 

32,7 

33 0 

32.9 

1 93 

1 88 

1 91 

0 63 

1 46 grams. CaO 

31 0 

27.8 

29.4 

1 80 

1 77 

1 79 

0 53 

Portsmouth acid muck 





Check (minerals) 

0 2 

0 3 

0 3 ! 

2 42 

2 43 

2.43 

0.01 

2 grams, 20-40 mesh 

18 9 

18 5 1 

18,7 

1 60 

1 62 

1 64 

0.31 

2 grams, 60-80 mesh 

21.9 

22 0 1 

22 0 

2 04 

2 10 

2.07 

0 46 

2 grams, 100-200 mesh 

23 7 

23.9 

23 8 

2.12 

2 14 

2 13 

0 51 

2 grams, 200 + mesh 

22 9 

i 25 1 

24 0 

2 24 

2 20 

2 22 

0.53 

Commercial, 200 mesh 

23 2 

24 2 

23.7 

2.10 

2 04 

2 07 

0 49 


Discussion 

To facilitate the discussion of the results recorded in tables 1 and 2, a sum- 
mary is presented in table 3. 

Table 3 shows the relative effect of fineness of division of pulverized lime- 
stone and burnt lime on crop yield on five typical soils. It will be observed 
that in the case of the Norfolk, sandy loam an increase in fineness of division 
was accompanied (with one exception) by an increase in crop yield. The 
200-mesh gave a yield almost one-third greater than the 20-mesh limestone. 
On this soil burnt lime proved superior to even the finest grade of limestone. 
The Wooster silt loam likewise exhibits an increase in crop yield with an in- 
crease in fineness of division of pulverized limestone up to the finest grade. 
It will be noted that the burnt lime, as well as the latter, fails below the 
yield obtained with 100-mesh limestone. This may be interpreted as indicat- 
m g that the 200-mesh limestone and burnt lime were especially active in the 
neutralizing of the soil acidity at the outset of the experiment, but permitted 
a greater subsequent accumulation of acidity. The Carrington silt loam re- 
sponded to an increase in fineness of division of pulverized limestone which 
was responsible for an increase in crop yield (with one exception). The burnt 
lime proved superior to all grades of limestone on this heavy soil rich in 
organic matter. The Cumberland silt loam otherwise shows very strikingly 
that to increase in fineness of division of pulverized limestone is accompanied 
by an increase in crop yield. In this case the 200- mesh proved to be doubly 
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as efficient as the 2(Vmesh limestone. The burnt lime was slightly inferior to 
the former. Thus, averaging the results for these soils in the last column of 
table 3, it will be seen that with an increase in fineness of division of pul- 
verized limestone there was a proportional increase in crop yield. Further- 
more the 200-mesh proved to be fully one-third again as valuable as the 20- 
roesh limestone. Practically all the forms of lime gave double the yield 


TABLE 3 


Summary i having retain* effect of fineness of division of pulverised limestone and CoO'on the 
(top yield, total nitrogen in grams, and decrease in per cent of lime-requirement of jive 
typical soils 


TRKATMk*T 

! 

LOAM 

ftuosrrt.t 

j iil.T LOAM 

t’AtfclNHTON 
SILT Loam 

CL’MBtl- 
LAlfl) SILT 
LOAM 

SIMULA 

SANDY 

LOAM* 

AYUUOt 

Crop virid 

Cheek 

20-40 mesh 

60-80 mesh 

100 200 mesh 

200 4 moh 

CaO .. 

100 

112 

I.W 

134 

146 

161 



100 

557 

564 

410 

404 

508 

100 

127 

125 

1.30 

142 

153 

100 

154 

243 

248 

262 

208 

100 

115 

130* 

108 

95 

85 

100 

183 

217 

233 

239 

230 


Total nitrogen in grams 

Chet k 

20 40 mwh 

60 SO mesh 

100 200 mesh 

200 4 mesh 
t*aO 

100 

156 

256 

251 

255 

268 

100 

4,18 

475 

.500 

475 

458 

100 

117 

128 

156 

154 

157 

100 

136 

355 

336 

373 

300 

100 

108 

12! 

89 

89 

75 

100 

213 

299 

302 

314 

291 

Check 

20 40 mesh j 

60- M0 mesh 

100-200 mesh 

200 4- mesh 

Can j 

Decrease in lime-requirement 

100 

155 

154 

162 

165 

162 

100 

134 

165 

165 

188 

151 

100 

132 

158 

197 

197 * 

186 

100 

133 

158 

173. 

180 

165 


100 

134 

166 

181 

183 

167 

Not averaged. 



“;; K ,hc 'f 0 *' 1 **• T1 ™ * little choice between the yields ob- 
Uined with burnt lime and 200-mesh limestone since each was superior in two 

0bvio i y ' ^ s: : z 

u * .zr,£r k —• " - *— « *— 

The Sierra sandy loam which was originally all^W mesented , JLk,, 
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increased crop yield while the finer material and burnt lime were responsible 
for a decrease. The interpretation which many placed uponnhese facts is 
that the more rapidly-acting forms of lime cause certain chemical transfer* 
nations to take place in the soil which prove unfavorable to crop growth. 
The results obtained with Portsmouth acid muck are presented in table 2. 
Here again it is evident that an increase in fineness of division of pulverized 
limestone is accompanied by an increase in crop yield, It is interesting to 
note that with the commercial product used (“Edison Pulverized Limestone/’ 
80 per cent of which is guaranteed to pass a 200-mesh sieve) the crop yield 
was identical with that obtained with 100 to 200-mesh material, thereby 
fulfilling its guarantee by crop yield as well as mechanical analysis. 

The importance of the nitrogen content of a leguminous crop is univer- 
sally recognized alike for its feeding value and its fertilizing value in a cover 
crop'. Summary table 3 shows the relative effect of fineness of division of 
pulverized limestone and burnt lime on the total nitrogen (in grams) of crim- 
son clover. It is apparent that in practically all instances the crop yield is 
paralleled £y the total nitrogen content; that is, with an increase in fineness 
of division of pulverized limestone there is an increase in the total nitrogen 
content of the crop. This is well illustrated in figure 1. 

Undoubtedly, a highly essential consideration in the choice of the dif- 
ferent forms of lime (aside from the paramount one of cost) is the power to 
neutralize soil acidity. In the present experiment, the \ eitch lime-require- 
ment of the various soils was determined at the outset, as previously recorded. 
After the crops had been harvested representative samples were obtained from 
each pot an4 the lime-requirement again determined. In this manner it was 
possible to obtain an index as to the reduction in the lime-requirements of 
these soils by the different forms of lime employed. While the Veitch method 
is open to objection for this purpose because of the fact that any residue of 
limestone would be soluble to the degree of its fineness and thus artificially 
weight the results, nevertheless, this method was adopted since it is so widely 
used and great accuracy is not imperative. It is, then, interesting to note 
that with but few exceptions an increase in fineness of division of pulverized 
limestone is responsible for a proportional decrease in the lime -requirements 
of the soils undeHfconsiderafion. As shown in table 3, the 200-mesh proved 
to be two and one-half times as effective as either the 60-mesh limestone or 
burnt limestone. The explanation previously suggested may be offered again 
in this connection, namely, the burnt lime may have been much more efficient 
in reducing the lime-requirement initially, but that it was used up so rapidly 
as to allow a subsequent development of acidity. In general the decrease in 
Iin»-requirement as a result of fineness of division is quite closely correlated 
with crop yield and total nitrogen content as shown in figure 1. 

Thus the points which have been established in this experiment may be 
summarized as follows: 
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t. Soils representative of extensive fertile areas namely, Norfolk and 
Sierra sandy loams, Carrington, Wooster and Cumberland silt loams and 
Portsmouth arid muck, when growing crimson clover in pots, produced rimfor 
results when treated with limestone pulverized 20 to 40, 60 to 80, 100 to 200, 
finer than 200'mesh and burnt lime (c.p.). * 



2. An motase in fineness of division of pulverized limestone was accom- 
panied by a proportional increase in crop yield and total nitrogen content 
and a corresponding decrease in lime-requirement, a close correlation --rigtW 
between these factors. 


3. Two-hundred-mesh proved one-third again as effective in influencing 
oop yield as 20-mesh limestone, and more than twice as effective in reducing 
the hme-requirement of soils. 
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4 . There was little choice between burnt lime and 200-mesh limestone, 
though in general the latter appeared preferable. Burnt lime proved superior 
to coarse limestone. 

TOT RATE OF NEUTRALIZATION OP SOIL ACIDITY AS INFLUENCED BY DIFFERENT 
DEGREES OF FINENESS OF PULVERIZED LIMESTONE 

In view of the enhanced effects accruing from the increased fineness of 
division of pulverized limestone, the practical question arose regarding the 
value of the different grades of pulverized limestone and burnt lime with 
regard to the rate of neutralization of soil acidity. Obviously, this is of 
great significance to the farmer who is seeking to neutralize the soil acidity 
so that a crop may be planted without undue delay. Since no previous work 
bearing directly upon this point could be found it l>ecame necessary to devise a 
method for measuring the rate of neutralization of acidity in soil treated 
with different grades of limestone and burnt lime. The Veitch method hardly 
lent itself to this purpose because of the fact that the water-bath treatment 
would result in different quantities of residual limestone going into solution, 
thereby invalidating any comparative results. Therefore, it was deemed ad- 
visable to measure the rate of neutralization by the carbon dioxide evolved. 
This was accomplished by adding a known amount of limestone to the soil 
(sufficient to satisfy the Veitch lime-requirement) which was calculated to its 
carbon dioxide content. At certain intervals the carbon dioxide remaining 
in the soil was determined, the loss of carbon dioxide compared with the 
original carbon dioxide content representing the amount of limestone which 
had been used up in neutralizing the soil acidity. The method employed is 
virtually a modification of that used by Tacke (92) and Truog (108), the ap- 
paratus being arranged as in figure 2 2 

The procedure was as follows: 

Ten grains of soil were placed in the 250-cc. Florence Flask (A) and 15 cc. of HCl (1:3) 
run in through the separatory funnel (5). Enough boiling water was then added to make 
up a vol ume of about 75 cc. and the solution heated up to the boiling point in two min- 
utes and kept there for one minute. The heat applied with a Bunsen flame was regulated 
in such a mann er as to keep the rate at which the bubbles passed through the tower of 
beads ( D ) approximately constant and not very rapid. The tower iD) held a measured 
quantity of Ba(OH) s and a few drops of phenolphthalein, as did the 200-cc. Erlenmeyer 
flask at E which served as a safety flask for any carbon dioxide which might not be held 
at D. After heating for three minutes the pincbcock at C was dosed and the flask A filled 
with boiling water from an inverted wash bottle. In order to do this properly it was usu- 
ally necessary to suck on the rubber tube at G while cautiously opening the pincbcock at C. 
Any sudden changes in room temperature or air currents from open windows, etc., must be 
guarded When the water mounted to F the stop-cock at that point was closed; 

thus all the carbon dioxide present in the Florence flask has been displaced by boiling water. 
The barium hydrate solution in D (standardized so that 1 cc. was equivalent to 0.23 mgm. 


1 The writer is indebted to Mr. R. E. Curtis for his valuable suggestions in this connection. 
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U COj) wm then emptied into a funnel placed in a 500-ec. Eriewneyer flask* The beads 
remained on the funnel and were thoroughly washed with boiling nter, as was the cham- 
ber D and the flask £, the contend of which also had been emptied. The solution of Ba{OH)* 
was then titrated with ouHc add equal in strength to the Ba(OH) t . Thus the amount of 
Ba{OH)j which was used in absorbing the carbon dioxide evolved was determined u*d£be 
latter calculated accordingly- -It might be mentioned that when small quantities of Ba(OH)i 
were placed in D enough COrfrw water was added to bring the volume just below the 
connecting tube, and a small quantity of water was added also to £, so that the tube dipped 
below the liquid. The ease in manipulation and the fact that it required only ten to fifteen 
minutes to complete a determination were primary considerations in the adoption of this 
method. The duplicates checked quite closely. 



Fic. 2, Diagram or Apparatus Used in Determining Carbon Dioxide in Soil 


The following investigators have considered the solubility of calcium car- 
bonate. Cameron and Bell (15), Holkman (43), Le Blanc and Novotny (59), 
Schloesang (97), Treadwell and Reuter (107), Warington (114), Whipple' and 
Mayer (116), while Gerlach (35) has compared the solubility of limestone pul- 
verized to different degrees of fineness. With regard to the difference in the 
number of particles per cubic foot of limestone when pulverized to different 
grades, the following data have been obtained through the courtesy of Pr. H* 
E. Kieffer. One cubic foot of limestone will make 64,000,000 pieces which wi& 
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pass a 12-mesh sieve, and 512,000,000,000 pieces which will pass & 200-mesh 
sieve; thus the finer grinding in this case means 8000 times the number of 
particles obtained with the coarser grinding. Or calculating it in another 
way t 1 ton of 12-mesh limestone when applied to the soil would give 17,337 
pieces for each square foot, while 1 ton of 200-mesh limestone would give 
13,869,051 pieces per square foot. The importance of this both from the 
point of uniform distribution and increased solubility cannot be over-estimated. 

The influence of calcium carbonate on organic matter has been the subject 
of investigations by Frear (30), Kossowitch (55), Lemmcrman (60), Peterson 
(89) and Wollny (121). It is evident that the organic matter of the soil would 
be attacked in varying degrees by different grades of pulverized limestone. 

The present experiment was carried out first with Norfolk sandy loam and 
Penn clay loam and later with Sassafras sandy loam. Five-pound glased 
earthenware pots were filled with 1500 grams of Norfolk sandy loam and 1200 
grams of Penn clay loam, respectively. The lime-requirement of the former, 
according to the Veitch method, was 2200 pounds and the latter 1100 pounds 
of CaO per acre. Limestone of the different grades previously referred to and 
burnt lime (c.p.) were added in sufficient amount to neutralize the lime-re- 
quirements of the soils to be treated. The amount of limestone added was 
calculated on the basis of 90 per cent purity. Each treatment was carried 
out in duplicate, and untreated soils served as checks. The pots were 
tared, filled with the proper quantity of soil, 20 cc. of a soil infusion (known to 
contain the more important soil organisms in abundance) were added and 
enough distilled water to bring the soils up to their respective optimum mois- 
ture contents, namely, 13 per cent for the Norfolk sandy loam and 26 per 
cent for the Penn clay loam. The pots were supplied with glass covers to 
prevent evaporation and incubated in a dark room at 20°C. for 7 weeks. 
Moisture was added as required to the soils uniform throughout the duration 
of the experiment. At the end of 3 weeks, the soil in each pot was care- 
fully mixed and a representative sample of 100 grams removed, dried and 
analysed for carbon dioxide content by the method previously described. The 
same procedure was repeated at the end of 7 weeks. 

In table 4 will be found the amounts of C0 2 present, in the soils variously 
treated at the end of 3 weeks. The last column of the table was calcu- 
lated in the following manner. The amount of limestone applied per 10 grams 
of Norfolk sandy loam was equivalent to 5.7 mgm. of CO?. The check soils 
indicated the presence of 3.8 mgm. of CO?, therefore, the total CO? content 
of each soil was 9.5 mgm. The C0 2 found to be present in 10 grams of soil in 
each pot after 3 weeks was then subtracted from 9.5 mgm. of C0 2 and the 
remainder recorded the mgm. of COj used (calcium carbonate) in neutralizing 
soil acidity. It is evident from the results secured with both Norfolk sandy 
loam and Penn clay loam that an increase in fineness of division of pulver- 
ised limestone was accompanied by a proportional increase in the amount of 
calcium carbonate used up in neutralizing the acidity of the soil. The chief 

KSLicnrac*, toc. nr, *o. 1 
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point d interest, however, lies in the fact that the liinestaDe 
h»d neutralized the soil acidity at the end of 3 weeks, while this was not 
the case with the 20-mesh product. It appears that the finer grades of lime- 
rtone, as well as the burnt lime (which had also neutralized the soil acidity in 
this period of time) had begun to attack the organic matter of the soiL 
The results obtained at the end of 7 weeks as shown in table 5 indi- 
cated that the coarse limestone had very nearly succeeded neutralizing the 
seal acidity in the Norfolk sandy loam but was not quite so effective in the 
Penn clay loam. The other grades of limestone exhibited practically no 
differences other than those already noted. Thus from the foregoing data it 
appears that Jhe finer grades of limestone neutralize the soil acidity in 3 

TABLE 4 


The sj*l of fineness of division of pulverised limestone on the neutralisation of acidily as meas- 
ured try CO, present after three weeks' incubation 


TtlATMITT 

CO* 

CO, 

AvnuaB CO) 


Norfolk sandy loam 



mr* 


Ml*). 

Check 

3 7 

3.9 



20- 40 mesh 

6.3 

7 5 


2.6 

60- BOtneth 

3.1 

3.2 

3.2 

6.3 

100-200 meth — ' 

3 0 

2.3 

2.7 

6 8 

200 -f mesh * 

16 

1.8 

1.7 

7.8 

C»0 

1.4 

1.6 

1.5 

8.0 


Penn day loom 


Check 

mrrm 

in 

4.7 


20- 40 mesh 

IKfl 


7.1 

1.4 

60- 80 mesh 

5.6 



2.9 

100-200 mesh 

A 1 

4 0 


4.4 

200 + mesh 

mm 

3.9 


4.9 

C»0 

■9 

2.4 


5.9 


weeks even in soils of such widely divergent types as those employed in the 
present instance. In this respect they proved to be as efficient as burnt 
hme. The coarser limestone, on the other- hand, required more than double 
this period of time to neutralize the soil addity. Wilkins (120), in unpub- 
lished data, has shown that in a given period of time an increase in fineness 
of division of pulverized limestone is responsible for an increased production 
of CO, and nitrates. * 

In order to obtain further corroboration of the points brought out in the 
preceding experiment, the latter was repeated under similar conditions with 
another soil, namely, Sassafras sandy loam having a lime-requirement of 3300 
pounds of CaO per acre. An additional feature was the use of two and one- 












INFLUENCE OF LIMESTONE ON CROP YTELty 35 

hall times the amount of 20-mesh limestone as required in order to determine 
whether larger amounts of coarser Limestone would be aa effective as smaller 
amounts of finer material in a short period of time * This seemed advisable 
in view of the fact that the pot experiments previously referred to indicated 
that the 200-mesh limestone was most effective in neutralizing acidity and 
further because the same proportion was maintained with regard to the rate 
of time required for neutralization. 


TABLE 5 

The efiect of fineness of division of pulverized limestone on the neutralization of acidity <u meas- 
ured by COj present after seven weeks' incubation 


T1KATKSKT 

CO. 

CO. 

AvnuA‘>K CO. 

INCftKAftl OVIft 

cast* CO. him 

Norfolk sandy loam 



Mfw. 

wf«. 

WfM. 

Check ' 

2 4 

2 7 

2.6 


20- 40 mesh 

3.5 

4 4 

4 0 

4 3 

60- 80 mesh 

3 0 

2.6 

2.8 

5 5 

100-200 mesh 

17 

1.8 

1.8 

6.5 

200 + rpesh 

1 8 

2 1 

2 0 

6.3 

CaO 

16 

16 

1.6 

6.7 


Penn day loam 


Check 

3.8 

3.7 

« 38 


20- 40 mesh 

6.0 

5 8 

5 9 

1,7 

60- 80 mesh 

4.2 

4 7 

4 5 

3 1 

100-200 mesh 

2 6 

2 9 

2 8 

4,8 

200 + mesh 

2.6 

2.9 

2.8 

4 8 

QO 

17 

17 

1.7 

5.9 


The results as recorded in table 6 are substantially the same as those ob- 
tained with the other soil types, namely, with an increase in fineness of pul- 
verized limestone there is an increased amount of calcium carbonate used 
in neutralizing soil acidity. Concerning the salient point of this investiga- 
tion it is apparent that the 200-mesh has required, but two weeks to effect 
neutralization, the 60-mesl^ requires three to four weeks, while the 20-mesh 
limestone requires a still longer period of time. The burnt lime, as might be 
anticipated, neutralized the soil acidity in the first week and 'must be con- 
sidered as more rapid in its activity than even the finest grade of limestone 
used, dancing at the results obtained with the increased quantity of coarse 
limestone, it will be noted that* it proved fully as effective as the finest 
limestone. 

Thus the preference for finer over coarser limestone would resolve itself 
chiefly to a question of economy in purchase, hauling, distribution, etc. The 

yhe writer is indebted to Mr. C. M. Haensler for suggesting this point. 
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TABLE 4 

The rate of neutralization of oddity by different degrees of fineness of pulverised limestone in 
• Sassafras sandy loom 


TIB ATM* NT COt COj I AVELACE COj COi cm® 
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2. It was found that with Norfolk sandy loam as well as with Penn clay 
loam an increase in fineness of division of pulverized limestone was responsible 
for an increase in amount of limestone used up in the neutralization of soil 
acidity, 

3. At the end of three weeks the limestone finer than 60 to 80-mesh had 
neutralized the acidity in both soils, while 20 to 40-mcsh limestone required 
something more than seven weeks to accomplish the same result. The finer 
mesh limestone was as effective in three weeks as burnt lime. 

4. With Sassafras sandy loam, the above results were corroborated by 
weekly determinations. In this soil the burnt lime neutralized the acidity 
in one week, the 200-mesh limestone required two weeks, the 60-mesh three 
to four weeks and the 20-mesh even a longer period of lime. 

5. Twenty-mesh limestone used in quantities two and one-half times as 
great as fine limestone proved fully as effective as the latter in three weeks 

THE FINENESS OF DIVISION OF PULVERIZED LIMESTONE AS INFLUENCING THE 
BACTERIOLOGICAL ACTIVITIES IN THE SOIL 

No study of a soil amendment could be considered adequate without an 
investigation concerning its effect upon the activities of the soil microor- 
ganisms. This is especially true of lime since it determines to such a marked 
degree the reaction of the soil. So far as the writer has been able to ascertain 
only one experiment has been reported which deals with the effect of fineness 
of division of pulverized limestone upon soil biological activities. This work 
has been done at the Pennsylvania Agricultural Experiment Station (117), 
where a study was being made of the effects of pure and magnesian limestone 
upon the formation of nitrate as compared with equivalent amounts of burned 
lime. 4 It was found that an increase in the fineness of division of pulverized 
limestone caused an increase in nitrification. Burnt lira proved superior to 
any grade of limestone used. 

The fact that in general lime increases the number of soil organisms has 
been observed by Brown (11), Engberding (20), Hutchinson (46), and Miller 
(74). Again the evidence of Brown (11), Hutchinson (41), MacLennan (47, 
48), Kelly (52), Koch (54), Krueger (57), Lipman (62, 63), Lipman, Brown 
and Owen (66, 67), Paterson and Scott (83), and Peck (87), points to the 
fact that lime increases ammonification. The stimulating effect of lime upon 
nitrification has been investigated by Brown (11), Densch (17), Fischer (24), 
Fittbogen (26), Fraps (28), Fred (52), Kelley (51, 52), Lyon and Bizzell (67), 
Lipman (62), McBethand Wright (71), Miller (73), Muller and Weiss (79), Owen 
(82), Peck (86), Scales (96), Wilkins (120), and Wright (123). Denitrification 
studies have been performed by Lem merman and Fischer (60), Lipman (62), 

4 Burgess has found that nitrification is increased by fine material compared with coarse. 
Burgess, P. S., Nitrification as a measure of the availability of different forms of calcium 
cRfbooate when employed as correctors of soil aridity. In Soil Sri. (soon to appear). 
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and Vogel (rt2). Finally, the influence of lime on nitrogen-fixation has been 
investigated by Brown (11), Engberding (20), Hoffman and Hammer (42), 
Koch (55), Krainskii (56), Krueger (57), Lipman (62), and Vogel (112). 

In the light of the interesting differences obtained in crop yield and neu- 
tralization of soil acidity it seemed advisable to carry out some experiments 
to determine the effect of different degrees of fineness of pulverized limestone 
on ammonification, nitrification and nitrogen-fixation. An attempt was made 
to correlate these biological activities with the rate of neutralization of soil 
acidity in the following manner. Norfolk sandy loam and Penn day loam 
were incubated for seven weeks in 5-pound glazed earthenware pots with 
different grades of pulverized limestone and burnt lime, under the same 
conditions as described in the previous experiments. Ten cubic centimeters 
of an infusion made from soil known to contain active ammonifying and 
nitrifying bacteria; as well as 10 cc. of an infusion made from “Alphano 
humus,” known to contain active nitrogen-fixing organisms, were added to 
each pot of soil. At the end of three weeks, when the soils were first sampled 
to determine the rate of neutralization of acidity, 5-grams portions of moist 
soil were immediately introduced into sterile flasks of media for the measure- 
ment of biological activities. These were prepared as follows, according tothe 
methods described by Lohnis and Green (66). 

A soil extract was prepared from each soil by adding 2 volumes of distilled water to 1 
volume of soil and autoclaving in cotton-plugged Erlenmeyer flasks at 15 pounds pressure 
for fifteen minutes. After cooling and settling the supernatant liquid was filtered through 
several thicknesses of filter paper until a clear extract was obtained. To this was added 
0.05 gram of KjHPO* per litre. I* or ammonification, 50 cc. of this solution to which had 
been added 0.5 gram of peptone per flask were inoculated (in a 750-cc. Florence flask) with 
a 5-gram sample of soil and incubated at 23*C. for three days, the end of this time 
the contents of the flasks were distilled with magnesium oxide aiid titrated in the usual 
manner. For nitrification, to 50 cc, of the extract of the soil type used as inoculum were 
added 50 mgm. of ammoifium sulfate and 1 gram of calcium carbonate (c.p.). These 
were incubated after inoculation with 5 grams of soil for four weeks. The nitrates were 
determined colorimetrically by the phenoldisulphonic acid method. For nitrogen-fixation 
2 grams of dextrose and 2 grams of calcium carbonate were added to 50 cc. of soil extract 
and incubated for three weeks, at the end of which time they were Kjeldahfed. Suitable 
checks were carried in duplicate in all instances and all the determinations on each soil were 
made in duplicate. Since the soils received duplicate treatments of lime the 
for error were reduced to a minimum 

The results of the ammonification of peptone after three weeks’ incubation 
of soil with lime are recorded in table 7. 

It will be seen that in both the Norfolk sandy loam and the Perm day team 
(with one exception) there is an increase in ammonification with an inc rea se 
m feeness of division of pulverized limestone. It is of interest to note that 
w the differences in ammonification resulting from the finer grades of 
hmestone are comparatively slight, there is a striking (fifference between the 
coarse and the finer limestone in both soils. In the Norfolk sandy low, 
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fear example, there was an increase of only 0.1 mgm. of nitrogen over the check 
for the 20-mesh as compared with 7.8 mgm. of nitrogen for the 200-mesh lime- 
stone. While in the Penn clay loam it was 0.3 mgm. of nitrogen for the 20- 
mesh as against 3.3 mgm. of nitrogen fi»r the 200-mesh limestone. The 
burnt lime was more effective than the finest limestone in its influence on this 
biological activity. As might be expected from the more advantageous en- 
vironmental conditions, the Norfolk sandy loam was responsible for greater 
differences between treatments than was the Penn clay loam. 

Regarding these results in their entirety, it will be remembered that they 
are in accord with those obtained in determining the rate of neutralisation 
of the different grades of pulverized limestone. 

TABLE 7 


The efed of fineness of division of pulverised limestone on the ammonifUation of peptone in 
solution f soil incubated with lime three weeks) 


TMATM1MT 

xrr*oGEff 

KITtOQIS 

AVRKiaB 

NITIOUSH 

INCtlAn IN 
KtTtOaRM 

Norfolk sandy soil 


M|M. 

MfM. 

mim. 


Check. 

26 0 

26 1 

26 1 


20- 40 mesh 

26 2 

I/Ost 

26 2 

0 1 

60- 80 mesh 

31.8 

31 7 

31,8 

5.7 

100-200 mesh 

32.9 

32 6 

32 8 

6.7 

200 + mesh 

32 0 

35,7 

33 9 

7 8 

CaO 

35.6 

37 3 

36.5 

10.4 

Penn day ham 

Check .f,s 

23 0 

26.0 

24,6 


20- 40 mesh 

23.6 

26.1 

24 9 

0 3 

60- 80 mesh 

27.4 

27.4 

27.4 

2 6 

100-200 mesh 

25.0 

28 6 

26.9 

2.3 

200 -f mesh 

27.1 

28.4 

27.9 

3.3 

C»0 

29.7 

29 0 

29,4 

4 8 


The results at the end of seven weeks of incubation of soil with limestone are 
presented in table 8. It is evident that the differences between treatment* 
in both soils are hardly large enough to bear mention, except in so far a* 
the 20-mesh limestone gave the highest ammonification. This again may be 
correlated very closely with the results obtained concerning the rate of neutral- 
ization of aridity. In other words, the finer the limestone the more rapidly 
it neutralises the acidity of the soil and the more effectively it increases the 
process of ammonifica|jon. It will be remembered that the 20-mesh material 
was the only one to be found present to any extent at the end of the seven- 
week period; therefore, it might well be expected that the present maximum of 
ammonia should occur with that grade of limestone. 
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Because of the importance of soil reaction in influencing nitrification, one 
would be led to anticipate marked differences in the accumulation of nitrates 
as a result of treating the soil with different grades of pulverized limestone. 
That this is virtually the case is shown by table 9, where it will be seen that 
with such widely divergent soil types, the differences in treatment at the end 
of three weeks yield results which are in identically the same direction, namely, 
an increase in fineness of division of pulverized limestone is responsible for an 
increased accumulation of nitrates. Again the burnt lime proved superior 
and the 200-mesh is strikingly better than the 20-mesh limestone in influenc- 
ing this important biological activity in the soil. Thus a correlation exists 
between the rate of neutralization and nitrification’ as well as ammonifica- 

TABLE 8 


The ef#t of fineness of division of pulverised limes lone on Ike ammonification of peptone in 
solution (soil incubated uilk lime seven weeks) 


TBIATMKMT 

NtTlOQIN 

MTftOtiKH 

AV**AG1 

NrntoctN 

Norfolk sandy loam 



m tm. 

MfM. 

mfm. 

Check 

42 8 

43.3 

43.1 

20 40 mesh 

13 6 

46.2 

44.9 

60- SO mesh 

41.0 

40.8 

40.9 

tOO 200 mesh 

41 ! 

Lost 

41.1 

200 -f mesh 

42.8 

41.7 

49 1 

Ca() 

41.8 

49 9 


Tt? . J 

‘xt.l 


Penn day loam 


Check 

32 0 

43.2 

32.6 

20- 40 mesh 

33.5 

32.6 

33.1 

60- 80 mesh 

32.8 

33.3 

33.1 

100-200 mesh 

33 0 

31.0 

32.0 

200 -f mesh 

32.4 

33 1 

32.8 

32.3 

CaO 

31 6 

32 9 


tion. Colt man 1 has a comprehensive discussion and bibliography Healing 
with nitrogen transformations in the soil. Since the accompanying data 
pointed indubitably to the fact that one could expect little, if any, differences 
in nitrification after sewn weeks’ incubation of soil with limestone , these 
determinations were discontinued. 

The results obtained in the nitrogen-fixation experiments at the end of three 
weeks have not been tabulated for the reason that no differences worthy, of 
note were established. For example, in the Norfolk sandy loam at the end of 
three weeks the average number of milligrams of nitrogdn present in the check 
soils was 3.3/ , while the amount in the variously treated soils ranged from the 

* Doctor’s Thesis. Rutgers College, New Brunswick. N. J. (1917). 
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above-mentioned quantity up to 3.71 mgm. of nitrogen. In the Penn clay 
loam the check had 4.63 mgm. of nitrogen, and the range in variation due to 
treatment approached 5.04 mgm. of nitrogen as a maximum. At the end pf 
sewn weeks there was a distinct increase over the check in the soils treated 
with limestone, as shown in table 10, hut the differences between treatments 
were not within experimental error in the case of Norfolk sandy loam. Thus 
3,8 mgm. of nitrogen were present in the check soils and 12.3 to 12.0 mgm. of 
nitrogen in the treated soils. In Perm clay loam, however, there is an appar- 
ent tendency for the amount of nitrogen fixed to increase as the fineness of 
division of pulverized limestone increased. 

table i 


The effect of fineness of division of pulverised limestone on nitrification in solution (soil intu- 
bated with limestone three weeks) 


TtllTUIKT 

NOi 

NOi 

AYMaOK 

INCIKaIK OVKt 
0*1 Cl 

Norfolk sandy loom 

! 

PP »■ 

PP * 

pp *■ 

p p m. 

Check: ! 

7 4 

6 8 

7.1 ! 


20- 40 mesh 

7.9 

8 2 

7 8 

0 7 

CO- 80 mesh 

8.2 

8 2 

8 2 

11 

100-200 mesh 

9.2 

9 8 

9 5 

2 4 

200 + mesh 

10 2 

13 0 

11 6 

4 5 

C*0 

9 4 

20 0 

14 7 

7 6 

Penn day loam 

Check 

7.6 ! 

i 

8 4 

8 0 


20- 40 mesh • 

11 4 

18 4 

14 9 

69 

CO- 80 mesh 

15 4 

15 2 

15.3 

7.3 

100-200 mesh 

12.6 

22 8 

17 7 

9.7 

200 + mesh 

20 6 | 

22 0 | 

21 3 

13 .3 

CtO. ... ; 

24 0 

28 0 

26.0 

18 0 


Considering this experiment in its entirety, it has been established that 
both in Norfolk sandy loam and in Penn clay loam an increase in fineness of 
division of pulverized limestone was responsible for a corresponding increase 
in the rate of neutralization of acidity as well as enhanced biological activities 
in the soil as measured by ammonification, nitrification and nitrogen-fixation 
(with limitations) in solution. 

In order to substantiate these points a similar experiment was performed 
in which Sassafras sandy loam was used in the same manner as previously 
described in the experiment dealing with the rate of neutralization of acidity, 
that is, burnt lime and the following grades of limestone were used: 20 to 40- 
mesh, 60 to 80-mesh, 100 to 200-mesh and finer than 200- mesh. In the present 
case, however, the fresh soil methods recommended by Brown (12, 13) were 






NICHOLAS KOPELOTF 


42 , 

employed. For ammonification, 100 grams of moist soil were thoroughly 
mixed in a shaker (61) with cottonseed meal or dried blood containing 1SS 
mgm. of nitrogen, respectively, and incubated at optimum moisture content 
for six days at 2 0°C M the ammonia being determined by the magnesium 
oxide method at the end of this time. For nitrification 100 mgm. of ammonium 
sulfate were added per tumbler and incubated at optimum moisture content 
for thirty days at 18°C. At the end of this time the nitrates were leached 
out by adding 400 cc. of distilled water, some ground burnt lime was added 
and the whole shaken thoroughly for five minutes, filtered, and a 25-cc* 
aliquot taken for determination according to the colorimetric phenoldisulphonic 
add method. For nitrogen-fixation 2 grams of mannite were added to 50 

TABLE to 


The effect of fineness of division of pulverized limestone on the rate of neutralization of acidity 
as affttlini nitrogen fixation in solution after seven weeks incubation of soil with limestone 


TIfATUNKT 

VTT*00«N 


AVX1AQE 

NrntOOIN 

Norfolk sandy loam 


mgm- 

MfM. 

mfm. 

Check 

3.8 

3.8 

3.8 

20- 40 mesh. 

11.4 

13.2 

12.3 

60- 80 mesh 

12.1 

12.4 

12.3 

100-200 mesh 

12.5 

Lost 

12.5 

200 -f mesh 

12.6 

13.2 

12.9 

CjlO 

11.5 

13.3 

12.4 

Penn clay loam 

Check 

4 1 ’ 

5.4 

4.8 

20- 40 mesh 

5.2 

6.4 

5.8 

CO- 80 mcah, 

7.0 

8.5 

7 8 

100-200 mesh 

7.5 

8 0 

7.8 

200 -f mesh. 

7.6 

8.7 

*8.2 

CaO 

8 0 

8.4 

8.2* 


grams of soil and incubated at optimum moisture content for twenty-one 
days at 18°C. At the end of this period the soil was air-dried, pulverized and 
rutrogen determined by the Kjeldahl method. 

The results of ammonification after one week’s incubation of soil with 
limestone are recorded in table 11. 

It will be seen that with cottonseed meal an increase in fineness of division 
of pulverized limestone was responsible for a corresponding increase in am. 
moma oun . The 200-mesh is one-third more effective than the 2ff-nmsh 

“ somewhat su P eriw t0 the former. The results 
obtained with dned Wood are peculiar m that the 20- and the 60-mesh lime- 
stone yielded smaller quantities than were found in the checks, while the 
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finer grades of limestone and burnt lime exhibited an increase. This point 
will bear more complete discussion in another connection. 

With cottonseed meal the results in table 11 obtained after two weeks* 
incubation (with one exception) show that in increase in fineness of division 
of pulverized limestone is accompanied by an increase in ammonification. 
However, the differences between treatments are not quite as pronounced as 
after the first week, undoubtedly because of the fact that the different grades 
of limestone tend to equalize, as is shown by the work on the rate of neutrali- 
zation of acidity. Again the 200*mesh is markedly superior to the 20-mesh 

TAliLE 11 

The ejfect of fineness of division of pulverized limestone on the ammonification of loUonstM 
meal and dried blood (Sassafras sandy Uwm incubated * tilh lime for one and hvo weeks) 


COTTONfKKD UtlL 

DI11U) fl.lK® 

Nitrogen 

Nitrone n 

Average 

nitrogen 

Nitrogen 

Nitrogen 

Aver««« 

nitrogen 


After one week's incubation 



mtm. | 

mtm. 

mtm- 

Wf». 


«*g». 

Check 

47.1 1 

49.3 

48 2 

42 5 

435 

43 0 

20- 40 mesh 

50.0 

50 5 

50 3 

37.6 

38 3 

38 0 

2.5 X 20-4) mesh 

47.8 1 

51 5 

49 7 

38.3 

38 9 

38 6 

60- 80 mesh 

60.4 ! 

56 4 

58 4 

32.8 

35 2 

34 0 

100-200 mesh 

S3 7 

66 5 

60 1 

41.3 

45.7 

43.5 

200 + mesh 

65 8 

68 0 

66 9 

48.5 

51 7 

.50.1 

ao 

68.3 ! 

68 9 

68 6 

46 9 

53 6 

50.2 


After tua vxeks' incubation 


Check..,. 

53.1 

54.7 

53 9 

56 6 

53 3 

55 0 

20- 40 mesh 

55.7 

54 7 

55.2 

47.2 

46 7 

47 0 

2.5 X 20-40 mesh 

57.6 

57 0 

57.3 

43.5 

41 8 

42 .7 

60- 80 mesh 

64.0 

64 6 

64 3 

33.0 

37 9 

35.5 

100-200 mesh 

63 7 

61.0 

62 4 

36 0 

26 6 

31 3 

200 mesh 

65 0 

64 6 

64.8 1 

27.4 

27.5 

27.5 

CaO 

65.6 

66 6 

66.1 ; 

30 4 

28 6 

29 5 


limestone but inferior to the burnt Eme. A point of interest is to be remarked 
in the fact that two and one-half times the usual quantity of 20-mesh limestone 
does not increase ammonification to any marked degree over that obtained with 
the normal amount, and is decidedly inferior to the 200-mesh limestone. The 
results with dried blood show a progressive decrease in ammonia with an in- 
crease in fineness of divfeion of pulverized limestone. The explanation which 
suggests itself is that the ammonification of dried blood is actually more 
rapid with an increase in fineness of division of pulverized limestone but 
that the bacteria multiply so rapidly as to assimilate it again, so that it does 
not appear as ammonia when distilled with MgO, at the end of the six-day 





NICHOLAS KOPELOfr 


44 

incubation period, but is transformed into other nitrogenous compounds. 
This theory is substantiated by further experiments where the writer has 
found an increase in ammonification of dried blood with an increase in fine- 
ness of division of pulverized limestone. Furthermore, preliminary experi- 
ments were performed in which the ammonification of dried blood was accom- 
panied by a daily measurement of carbon dixoide evolved. This was accom- 
plished by aspirating air continuously through a stoppered bottle containing 
soil, which was connected with an Erlenmeyer flask containing a known 
quantity of standard barium hydrate. It was found that with an increase in 
fineness of division of pulverized limestone there was an increased production 
of carbon dioxide which may well be regarded as an index of decomposition 
effected by microbial activities. Thus it may be assumed that an increase in 
fineness of division of pulverized limestone actually caused an increase in the 
ammonification of dried blood, but that because of a subsequent assimilation 
of ammonia the amounts of ammonia found by distilling with magnesium 
oxide were comparatively small, 

TABLE 12 


Tht (fat of fineness of division of pulverised limestone on ammonification (Sassafras sandy 
loam incubated with lime for three weeks) 


ra*iTM*KT 

NtnoerN 

pm»oo*N 

AVKIA6B 

jrmoGKH 

Cottonseed meal 


mtn 

***: 

min 

Check 

.SO .3 

47.5 

48 9 

20- 40 mesh 

49 4 

57 l 

53.3 

2 5 X 20-40 mesh 

52.6 

54.1 

53.4 

60- 80 mesh 

! 62 6 

63 2 

62.9 

100-200 rnc^h . 

63 0 

i 50.1 

56 6 

200 4- mesh 

59 0 

56 0 

57.5 

C»0 ! 

48.2 

56 2 

52.2 

Dried blood 

Check 

52.8 

48.5 

50.7 

20“ 40 mesh 

41 6 

44.5 

43.1 

2 $ X 20-40 mesh 

41.9 

40 0 

41.0 

00- 80 mesh 

28.6 

35.0 

31.8 

100-200 mesh 

31 0 

20 0 

25.5 

200 + mesh 

22 2 

22.4 

22.3 

OaO 

20 6 

21.6 

21.1 


In tables 12 and Id are recorded the results obtained after incubating soil 
with limestone for three and four weeks, respectively. With cottonseed 
meal as well as dried blood the general tendencies heretofore noted are again 
to be observed. 

Considering the results obtained in the nitrification of ammonium sulfate 
after one week’s incubation of soil with lime, it will be seen from table 14, 
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TABLE H 


Tkt effect of fineness of division of puhertted limestone on ammonifimUon uVa.ua/rdi sandy 
loam incubated t ritk limestone four verbs) 


TISATMEVT 

KmtOCXN I 

ttlTtOCKM 

— . — 

AVEtAQi 

w»<vu*n 

Cottonseed meal 



Check 

20- 60 mesh 

2.5 X 20-60 mesh . .... 

60- 80 mesh 

100-200 mesh 

200 + mesh . 

c*o 

1 

35 4 

32 5 

57.4 

41 0 

40 .4 

42 1 

55 1 

55 2 

57 0 

59 0 

58 2 

57 5 

58,9 

56 6 

1 

»#»• 

55 5 

54 X 

58,2 

59.6 

58 8 

40 5 

55 9 

Dried blood 



Check 

52 5 

52 5 

52 4 

20- 60 mesh 

28 2 

29 5 

28 8 

2 5 X 20-60 mesh 

26 7 

28 2 

27 5 

60~ 80 mesh 

24 0 

24 6 

24 5 

100-200 mesh 

21 8 

14 9 

IK 4 

200 + mesh 

17.9 

17.0 

17.5 

CaO ‘ 

15 9 

15.2 

14 6 


TABLE H 


The effect of fineness of division of pulverized limestone on nitrification (Sassafras sandy ham 
incubated with limestone one and tuo weeks) 


TutATMtyr 

vrntoctv 

StnoORN 

AVKXAOK 

NITtOURK 

iNCtitAir. ovu 

After one. week's incubation 


«*«. 

Wf »■ 


mim. 

Check on soil 

0 06 

0 06 

0 06 


Check 

0 15 

0 12 

0.13 

0 07 

20- 40 mesh 

0 12 1 

0 17 ! 

0 15 

0 .09 

2 5 X 2CM0 mesh 

0 45 

0 46 

0 45 

0 39 

60- 80 mesh 

0 51 

0 96 ! 

0.74 

0 68 

100-200 mesh 

1.28 

0 70 

0 99 

0.93 

200 + mesh 

Lost 

Lost 

Lost 

IvOfit 

CaO 

0 55 

0 23 

i 

0 39 

0.33 

After two weeks' 

incubation 



Check 

0 10 

0 09 

0,10 

0.04 

20- 40 mesh. 

0,32 

0 17 

0.25 

0.19 

2 5 X 20-40 mesh 

2.46 

1.48 

1 97 

1.37 

60- 80 mesh 

4.00 

4 90 

4.45 

4 39 

100-200 mesh 

1.48 

0,31 

0 90 

0 84 

200+ mesh 

0.31 

0 65 

i 0 48 

0.42 

CaO 

0.15 

Oil 

0.13 

007 
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th*t an increase in fineness of division of pulverized limestone is responsible 
for a corresponding accumulation of nitrates. The results obtained in the 
subsequent weeks of incubation, as shown in tables 14 and 15 — are more 
variable, because the moisture conditions were not strictly ma i ntain e d 
However, the tendency follows the general rule previously observed, namely, 
an increase in fineness of division of pulverized limestone is responsible for 
an increase in biological activities, which may be correlated with the rate of 
neutralization of acidity. In the present experiment the differences in nitro- 
gen-fixation, as a result of variation in treatment, were not of sufficient 
magnitude to permit of any definite conclusions. The average number of 
milligrams of nitrogen found varied from 0.98 to 1.21. It is possible that the 
amount of carbohydrate used in the present instance was so excessive as to 
inhibit nitrogen -fixation. 

-In order to emphasize further the importance of fineness of division of 
pulverized limestone in influencing ammonification, several soils (the same 


TABLE 15 

Tk* effect of fineness of division of pulverised limestone on nitrification ( Sassafras sandy loam 
incubated with lime for three weeks) 


Til ATH1JTT 

tnraooitf 

NrnooiM 

AVXXAOS 

NiriOGM 

ncaiAiBovaa 

cues 


■ (N. 

mgm. 

mfm. 

mfm. 

Check 

0 « 

0.43 

0.30 

0.24 

20 - 40 mesh 

0 37 


0.27 

i 0.21 

2,5 X 2 ( M0 mesh 

1.96 

1.95 

1 95 

1 90 

60- 80 mesh 

3.01 

2.71 

2.86 

2.80 

100-200 mesh 

Lost 


0.94 

0.88 

200 + roesh 

1.20 

1 37 

1.29 

1.23 

C*0 

0 75 

0.72 

0.74 

0.68 


as previously used in growing clover in pots) were incubated with the different 
grades of limestone and burnt lime for one week. At the end of this time 
100-gram portions from each pot received nitrogenous organic material in 
the form of dried blood or cottonseed meal (155 mgm. N), and were incubated 
at the optimum moisture content for seven days at 20°C. The results ob- 
tained with Cumberland silt loam are recorded in table 16. 

Although the differences between treatments are not great, nevertheless 
it will be seen that in general, with both cottonseed meal and dried blood, an 
increase in fineness of division of pulverized limestone is accompanied by an 
increase in ammonia found.^ The burnt lime and 200-mesh lime^ne were 
equally efficient. Two and one-half times the usual quantity of 20-mesh Mine- 
stone gives better results, not markedly superior to the normal application. 

Tbe results obtained with Wooster and Carrington salt Items are presented 
in table 16, The differences between treatments are not very ma rked but 
the finer material appears to better advantage than the coarser. Burnt time 
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proved more efficient than 200-mesh limestone. The results obtained with 
increased quantities of 20-mesh limestone are similar to those noted where 
Cumberland silt loam was employed. 

A general consideration of these soils of fine texture and high organic con- 
tent reveals the fact that in the ammonification of nitrogenous organic ma- 

tabu u> 


Tke effect of fineness of division of pulterited limestone on ammonifuation m Cumberland, 
Carrington and Wooster sill 


TUKATMRJtl 

cottonieeo meal 

MttED it-OOO 

Nitrogen 

Nitrogen 

Average 

nitrogen 

Nitrogen 

Nitrogen 

Averagt 

nitrogen 

Cumberland silt loam 



W|M. 


mim. 

MgfH. 


Check 

70,0 

70.7 

70 4 

78 3 

77.4 

77 9 

20- 40 mesh 

74.9 

69 3 

72 1 

64 8 

66.6 

65.7 

2 . 5 X 20-40 mesh 

Lost 

73 8 

73 8 

67 ft 

64 ft 

66 3 

60- 80 mesh 

73.4 


72 7 

61 4 

71 8 

66 6 

100-200 mesh 

73.8 

74 3 

74 1 

59.8 

62 .5 

61 2 

200-1- mesh 

75.2 

74 5 

74 9 

81.9 

85.5 

83.7 

CaO 

74.5 


73 .3 

826 

82 3 

82,5 


Wooster silt loam 


Check 

BH 

43.4 

41 8 



50 1 

20- 40 mesh 

47 0 

49,7 

48.4 


47,7 

48.9 

2.5 X 20-40 mesh 




49 3 

49 1 

49 2 

60- 80 mesh 


41 5 


45 2 

45 5 

45.4 

100-200 mesh 

49 1 


49.6 

42 8 


42 9 

200 -j- mesh 

48.8 

49.3 

49.1 

58.7 

59 4 

59 1 

CaO 1 

59.4 

58.3 

58.9 

69.3 

63.4 

66 4 








Carrington silt loam 


Check 

33.8 

41.0 

37.4 

58.1 

57,4 

57.8 


37.3 

50.0 

43 7 

59.9 ' 

61 6 

| 60 3 

2 5 X 20-40 mesh 

57.8 

27.7 

42.8 

60.8 

61.6 

61 2 

60- 80 mesh 

38.3 

47 5 

42 9 

53 6 

53,3 

53,5 

100-200 mesh 1 

47.7 

46 3 

47 0 

65.7 | 

61.7 

63.7 

200 + mesh 

Lost 

Lost 

Lost 

53.2 

60.0 

61 6 

CaO 

50.2 

50 2 

50 2 

66 6 

Lost 

66.6 








terials the differences resulting from treatment with various grades of lime- 
stone are less marked than those noted where soils of coarser texture and lower 
organic cont ent were employed. However, the evidence points quite defi- 
nitely to the contention that the finer grades of limestone exert a more bene- 
ficial influence upon the process of ammonification than does the coarse ma- 
terial. This is especially significant for the light it throws upon certain pit- 
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vious results obtained in the ammonification of dried blood and would seem 
to make the theory advanced in that connection more tenable. 

•Since in common held practice the amount of limestone applied to the soil 
is rarely the exact equivalent of the lime-requirements as determined by the 

TABLE 17 


The efjetl of fineness of division of pulverized limestone in varying amounts and CaO on 
ammonifieotion in Sorfoik sandy loam. Cottonseed meal 


TtCATMX.Vf 

smiooay 

! 

i xmocey 

AVEJLAGE 

NITIOCEX 

One-third Veikh lime-requirement applied 


mtm. | 


rngm. 

Check 

50 0 

51 6 

50. 8 

0 00 gram, 20 40 mesh 

! 56.5 i 

54.7 

55 6 

0 00 gram, MV KO mesh 

56 1 

59.2 

57.7 

0 09 gram, 100 200 nwh 

61 6 

61.7 

61.1 

0 00 gram, 200 +• mrsh 

60 5 

60.6 

60.6 

0 05 gram, CaO 

54.2 

54.5 

54 4 


Tuo thirds Vcikh lime-requirement applied 


('heck 

.SO 0 

51.6 

50.8 

0 IS gram, 20 40 mesh 

54 1 

549 

54.4 

0 18 gram. MV 80 mesh 

52 8 

53 8 

53.3 

0 18 gram, 100 200 mesh 

56 8 

52 9 

54.9 

0 IS gram, 200 4- mesh 

56 3 

55.9 

56.1 

0 10 gram, CaO . 

65 5 

63.1 

64.2 


Total Yritek lime-requirement applied 


Check 

^ 50 0 

516 

50.8 

0 28 gram, 20 40 mesh 

51.5 

50.9 

51.2 

0 28 gram, 60 80 nwsh 

55.3 

54 9 

55.1 

0 28 gram, 100- 200 mesh 

59.2 | 

59.8 

59.5 

0 28 gram, 200 + mesh 

62.8 

63.1 

63 0 

0 IS gram. CaO . . . 

65 2 

65 2 

65.2 


One and one-third Yeikh lime-rrquiremeni applied 


Cheek . 

500 

51.6 

50.8 

0 37 gram, 20- 40 mesh 

57.7 

59.0 

58.4 

0 37 gram, 60- SO mesh 

6C6 

63 6 

63 6 

0.37 gram. 100-200 mesh 

58 8 

58 6 

58.7 

0 37 gram, 200 -f mesh ...... 

65 8 

69 0 

67.4 

0 20 gram. CaO 

* 

68 0 

69 7 1 

68 9 


\ eitch methed, the following experiment was performed* Limestone of dif- 
ferent grades of fineness and burnt lime were applied to Norfolk sandy loam 
at the rate of one-third, two-thirds, total and one and one-third of the Veitch 
lime-requirement of 2300 pounds of CaO per acre. One series received 155 



INFLUENCE Of LIMESTONE ON CROP YIELD 49 

mgm. of nitrogen in the form of cottonseed meal, the other received dried 
blood. The soils were made up to the optimum moisture content (13 per 
cent) and incubated for seven days, the ammonia being determined by thp 
magnesian oxide method at the end of that time. The results are presented 
in tables 17 and IS. , 

TABLE IB 


Tkt of fineness of division of pulvrriud limestone in w ryint anwunis and CtO on 
ammomfication in Norfolk sandy bam (dried bbod bein( used) 


TMATVEVT 

MTtOQIN 

XITtOUKN 

1 

AVKIAdR 

»mou«M 

One-third Veikh lime-requirement applied 


fH|M. 


»**». 

Check 

70 6 

69 8 

70 2 

0.09 gram, 20- 40 mesh 

71 6 

71 6 

71.6 

0 09 gram, 60- 80 mesh 

69 5 

69 6 

69.6 

0 09 gram, 100-200 mesh 

65 4 

67 0 

66 2 

0.09 gram, 200 + mesh 

59.5 

60 7 

66.2 

0.05 gram, CaO 

67 7 

67 4 

67 6 

Tu^ikirds Veikh lime -requirement applied 

0 18 gram[ 20- 40 mesh 

67.5 

66 5 

66 9 

0 18 gram, 60- 80 mesh 1 

64 2 

65,0 

64 6 

0 18 gram, 100-200 mesh 

60 7 

60 2 

60 5 

0.18 gram, 200 4- mesh.. 

58 4 

59 .5 

59 0 

0.10 gram, CaO 

61 ! 

59 0 

60.1 


Total Veikh lime-rcquiremcnt applied 


0.28 gram, 20- 40 mesh 

64 9 

65 8 

65 4 

0 28 gram, 60- 80 mesh 

64 3 

62 2 

63.3 

0.26 gram, 100-200 mesh 

59 5 

59 1 

59.3 

0.26 gram, 200 4- mesh 

60 1 

60 2 

60.2 

0.15 gram, CaO 

59 3 

59 9 

59.6 

One and one-third Veikh lime-requircmenl a 

p piled 


0.J7 gram, 20- 40 mesh 

67 9 

70 1 

69 5 

0 37 gram, 60- 80 mesh 

66 3 

64 7 

65.5 

0 37 gram, 100-200 mesh. 

59 1 

61 1 

60.1 

0.37 gram, 200 4- mesh 

60 6 

j 593 

60.0 

0.20 gram, *CaO 

63 2 

! 63 7 

6,3.5 


It will be seen that with but a few exceptions in the cottonseed meal series, 
an increase in fineness of division of pulverized limestone is responsible for an 
increased ammomfication. This phenomenon appeared regardless of the size 
application of limestone. An increase in the quantity of burnt lime 
caused a still further increase «in ammomfication. In the dried blood series 
an increase in fineness of division of limestone caused a corresponding division 
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in ammonia found. However, as previously interpreted, this may be con- 
sidered as virtually representing an increase in ammonification accompanied 
by an increase in assimilation with an increase in fineness of division of pul- 
verised limestone. Again the phenomenon remains constant, regardless of 
the rate of application of limestone. In general, then, it appears that am- 
monification as influenced by the different grades of pulverised limestone is 
independent of the sue of application. 

Summarizing the results obtained in the present experiments, the following 
points are worthy of note. 

1. An increase in fineness of division of pulverized limestone was respon- 
sible for an increase in the ammonification of peptone in solution in Norfolk 
sandy loam and Penn clay loam, and of cottonseed meal and dried blood in 
Sassafras sandy loam, which may be correlated with the results obtained in 
the rate of neutralization of acidity. That is, in the first two weeks of in- 
cubation of soil with limestone the differences between treatments are decid- 
edly more marked than in the following weeks when there is a general equal- 
izing tendency manifest, 

2. An increase in fineness of division of pulverized limestone is respon- 
sible for an increase in nitrification and nitrogen-fixation in solution and 
fresh soil, which may also be correlated with the rate of ammonification. 

3. The ammonification of dried blood and cottonseed meal followed the 
above tendency in the heavy soils rich in organic matter as well as the lighter 
soils used. 

4. 1 hese results of ammonification remain constant regardless of the size 
of the application of limestone (as determined by the Veitch method). 

THE INFLUENCE OF FINENESS OF DIVISION OF PULVERIZED LIMES TONE ON LOSS 
BY DRAINAGE* 


So far as the writer has been able to determine, the recent publication from 
the Maryland Agricultural Experiment Station (12) represents the sole work 
on the solubility and loss of different degrees of pulverized limestone when 
applied to the soil. In the experiments performed by Broughton, Williams, 
and Frazer (10), both limestone and oyster shells of varying degrees of fine- 
ness were employed. The solubility of these samples which had been sub- 
jected to mechanical analysis was determined in water, and water charged with 
carbon dioxide at 3°, 12°, 14°, and 23°C, representing the temperatures of 
winter, spring, autumn, and summer, respectively. It was found that with an 
mcreasc in fineness of division of pulverized limestone there was an increase 
in solubility, the same phenomenon being observed with an increase in tem- 
perature. The solubility and the different materials were then determined 


•The wnt« wishes to express appreciation for his assistance to Mr. R. C. Cook, with 
able to cemShTw^ ***“' °™* “ unfon *“ circumstances the latter was tut- 
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by analyzing the soil solution obtained from large pots treated with lime, 
Unfortunately, no duplicate treatments are mentioned, and since the soils 
considered as checks received applications of either CaO or CaCOi, the experi- 
ment is open to criticism on these grounds. This is further emphasized by 
the fact that the differences between treatments were slight. However, 
it was shown that the solubility of these materials increased with an in- 
crease in the fineness of division of limestone. In other words the greater 
the surface of limestone exposed, the greater was its solubility. Two defi- 
nite conclusions were recorded from interesting data of field experiments still 
in progress. The authors maintain that in order to furnish as much calcium 
as is present in burnt lime, limestone should be ground so that 90 per cent 
passes an 80-mesh sieve. Their conclusion is corrulxnatcd by the work re- 
ported in this thesis. 

There Is a considerable amount of data concerning the distribution, changes 
and loss of limestone by leaching which has been reported by Blanck (7), 
Broughton (9), Creydt, Von Seeihorst and Wiems (16), Frcar (30), Hilgard 
(40), Johnson (49), Lyon and Bizzell (69), MacIntyre, etal. (72), Miller (74), 
and Veitch (109). The effect of adding limestone in excess of the amount 
required to neutralize acidity has been studied by Gardner and Brown (34), 
White (107), and Veitch (109), 

In order to study the influence of the fineness of pulverized limestone on the 
loss of lime in drainage, the following method was devised and put into opera- 
tion in 1914. 7 

Large galvanized iron pots, 16 inches in diameter and 12 inches deep, 
standing on three legs, were fitted with stopcocks to permit drainage. The 
bottom of the pot had a slight depression in which were placed large pebbles. 
The pots were fitted with a pair of handles rivetted to the sides, and the 
whole painted to prevent rusting. A layer of fine pebbles was placed in the 
bottom of the pot, and over this was placed 120 pounds of Sassafras sandy 
loam which had been sieved through an 8-mesh screen (plate 1). A lever 
arrangement with grippers for the handles of the pot, and a counterpoise 
was devised for keeping the pots at constant weight. Two series of new 
pots were placed upon a greenhouse table. A hole was drilled under each 
stopcock to permit the fastening of a rubber tube which extended down into a 
bottle to collect the drainage water. A board support was nailed close to the 
ground upon which the bottles might be placed in proper position. After the 
harvesting of each crop, the drainage water was collected by flushing through 
enough water to obtain 3800 cc. of drainage in each collecting bottle. This 
method is, of course, open to objection, in that continuous percolation would 
give a more adequate representation of the drainage water, but the green- 
house conditions were such as to make such a procedure impracticable. 

1 Brougtrton (10) and the United States Bureau of Plant Industry, at Washington, D. C.« 
have since described similar apparatus for the same purpose (122). 
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The experiment was continued over a period of time which permitted the 
growth of several different crops, the soil being treated with pulverized lime- 
stone of different grades in quantity sufficient to fulfill the lime-requirement 
as determined by the Veitch method. One series of pots received ammonium 
sulfate at the rate of 600 pounds to the acre, while the other series received no 
addition of nitrogen. The chedc pots received minerals above, while the others 
received minerals in addition to the special treatment. Before planting the 
first crop the soil from each pot was removed to a depth of 6J inches, while 
15 grams of arid phosphate (14 per cent PjO s ) and 7.5 grams of muriate of 
potash (50 per cent KjO) were thoroughly incorporated together with 57 
grams of pulverized limestone, of different grades of fineness. The soil, was 
designated as Sassafras sandy loam which had been unlimed, and unfertilized 


TABLE JO 

Tkt tjftet of fineness of division of pulverized limestone on the yield of barley grown on Sassafras 
sandy loam in drainage tanks with and without the addition of nitrogen 


TmiATMmhft 




xmoaiK 

mrtoorx 

iVUiOX 

SmtOOKM 

TOTAL 

NJT*O0«X 

Without the addition of nitrogen 



rrum 

tram 

per cent 

per cent 

per cent 

(fMU 

Check 

45 5 

36 5 

41 0 

1 . 1 $ 

0.89 

I 04 

0 43 

20~- 40 mesh. 

T9 0 

80.5 

79 7 

0.83 

0.96 

0.90 

0.71 

80 mesh. 

95 0 

88 5 

91.7 

0 86 

0.86 

0 86 

0.79 

100-200 mesh. 

95 0 

91 5 

92 2 

0.88 

0.84 

0.86 

0.79 

200 + mesh 

81 5 

85 0 

83 2 f 

0 82 

0.84 

0 83 

0 69 

12 grams (XH 4 )iSO« applied 

Check 

48 0 

55.5 

51 7 

I 30 

1,32 

1.31 

0 68 

20- 40 mesh. 

82 0 

Cost 

82.0 

1 28 

1.33 

I 31 

1 07 

60“ 80 mesh. 

87 0 

73 0 

80.0 

1 33 

1.08 

1.21 

0.97 

100-200 mesh. 

74 0 

92 0 

83 0 

1 33 

1 22 

1.28 

1.06 

200 -f mesh 

78 0 

67 5 

72.7 

1.32 

Lost 

1.32 

0.96 


and had a lime-requirement (Veitch) of 100 pounds CaO per acre. The pots 
were maintained at optimum moisture content. Seven grams of ammnnium 
sulfate were applied to each pot of one series one week before planting 100 
seeds of barley per jfct. The other 5 grams were added after the seedlings 
had been thinned to SO plants. 

The results of yield and nitrogen content of the first crop grown in these 
tanks is presented in table 19. 

Some discrepancies which appear are due to attacks from fungi which 
drd not invalidate the general tendency exhibited, namely, with an increase 
in the fineness of division of pulverized limestone up to the 200-mesh product 
there was an increase in crop yield and total nitrogen in grams. This is to be 
seen both in the series receiving no nitrogen and that receiving 12 gr.m« of 
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ammonium sulfate per pot. From the figures recorded in the columns marked 
“ average per cent of nitrogen” it is apparent that the differences as a result of 
variation in treatment are so slight as to be negligible. Thus the total nitrogen 
expressed in grtims (last column) varies almost as the crop yield. The ques- 
tion which is immediately suggested by these results is: why are the yields 
obtained with the finest limestone smaller than those where the coarser ma- 
terial was used? The explanation which appears most plausible Is that in 
such a light open sandy soil the finer material is washed down below the root 
zone of the plant, therefore it does not neutralize the soil acidity or increase 
the available nitrogen supply of the plant to the same extent as docs the 
coarser material which is actually less efficient. This hypothesis is strength- 
ened by certain subsequent results concerned with the planting of alfalfa 
(which is one of the deepest -r(X)ted of all crops) which seems to respond with a 
greater yield to the finer limestone. Likewise, the fact that more lime is 
lost in leaching from the soils receiving the finer material, as will be shown 
presently, also may be considered as corroborative evidence. A further 
consideration may be advanced, namely, it Is possible that the finer material, 
being more active, effects a reversion of the acid phosphate sufficient to limit 
plant growth to some degree. However, in view of the large amount of acid 
phosphate applied, this does not appear tenable. Again the nitrogen in the 
soil may have been oxidized nitrates more rapidly with soils receiving 
the finer limestone, and rapidly transformed into insoluble nitrogenous 
compounds before the. plant could use them. As has been previously stated, 
after harvesting the crops (which had been allowed to grow to maturity), 
water was flushed through the soil and the 3800 cc. of drainage water collected. 
Duplicate aliquot samples of 5 cc. were taken for the determination of ammonia 
by the Nessler colorimetric method (98), and 25-cc. portions were taken for 
nitrate nitrogen determinations according to the phenoldisulphonic acid 
method. The 3740 cc. of drainage water were then evaporated to about 400 
cc. After 10 cc. of hydrochloric acid (concentrated) were added, the solution 
was made up to 500 cc. and kept in a tightly-stoppered Jena flask until used 
for the determination of calcium by- the standard permanganate titration 
method. 

From the results recorded in table 20, it will be noted that in both series 
an increase in fineness of division of pulverised limestone was accompanied 
by a decrease in loss of ammonia in the drainage water. As was to be ex- 
pected the series receiving ammonium sulfate lost more ammonia than the 
series receiving no nitrogen. The determination of nitrates and calcium in 
the drainage waters led to no definite conclusion because of lack in agreement 
between duplicate treatments, therefore the results were not tabulated. 

After permitting the soil to dry out sufficiently to restore the optimum 
moisture condition, buckwheat was planted and the crop grown to maturity. 
In this case, no further applications of limestone were made, but the usual 
12 grains of ammonium sulfate were applied to each pot of the series receiving 
nitrogen: The yield and nitrogen content of the crops are recorded in table 21 . 
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In the scries receiving no nitrogen there is an increase in crop yjjjd with 
6Q to 80-mesh as compared with 20 to 40-mesh limestone. The matenal finer 
than 60-mesh caused a decline in yield which, however, remained superior 

TABLE 20 


Analysis of first drainage t inter for ammonia 


TtCATUEMT 

NH* is 1A00 

CftSTiMfcTfcltS 

Ot'PtlCAtE 

NHi 

iVEIACX 

Mii 

DICftXAS* OVK1 
CHECK NH| 


Xo nitrogen a p plieil 




mem. 


«•{« 

mtm. 

Clirck 

0 532 

0 760 

0 646 


20 40 mesh 

0.026 

0 026 

0.026 

0.619 

M) 80 mc»h. . . 

0 050 

0 019 

0 025 

0 621 

100-200 mesh 

0 011 

0.019 

0.015 

0.630 

200 f mesh ! 

0.019 

0 000 

0.010 

0.636 

| 

X ■ 

,S0 4 applied 



Check 

1 140 

1 133 

1.235 


20 40 mesh 

0 570 

! 09.50 

0 760 

0 475 i 

60 80 mesh 

0 836 

! 0 608 

0 722 

0 513 

100 200 mesh . 

0 570 

0 228 

0 399 

0 836 

200 -f mesh 

0 285 

Lost 



0 285 

0.950 


TABLE 21 


1 he rffrrt of fineness of division of pulverized limestone on the yield of buckwheat in drainage 
tanks With and without applications of nitrogen 


TO 1. A YU K NT 

wrtnHT 

<*n» 

Drpuc\m 

MEKAQE 

tenxoats 

NlTKOCTOJf 

AVEJUOK 

MTSOOEN 

TOTAL 

STOCKTON 

Without nitrogen 

Check 

20 40 mesh... 
60 80 mesh. 
100-21X1 mesh.. . 
200 X mesh j 

! 

i 58 0 

44 0 

68 7 
58.0 
54.8 

15.7 

43 0 

71 7 
53.0 

50 7 

g •’ll ms 

26 9 

1 44 0 
| 70 2 

55 5 
52.8 

frr ani 

I 99 

1 31 
1.17 
1.22 
1.56 

frt Cent 

1.95 

1.43 

1.33 

1 29 

1 53 

per uni 

1.97 

1.37 

1.25 

1.26 
1.55 

fTOMU 

0 53 
0.60 
0.88 
0.70 
0.82 


Cheek 

20- 40 mesh.. 
60- $0 mesh. 
100-200 mesh. 
200 4* mesh . . 


16 0 
80 4 
OX 5 

oo 0 
88 5 


12 gnms (NH t ) t SQ < applied 


17 6 
88 6 
103 4 
84 0 
94 9 


16 8 
84 5 
99 0 
87.5 
92 7 


2.37 
1 96 

1 86 

2 20 
2 12 


2.37 
2 36 
2.14 
2.14 
2.12 


2 37 
2.16 
2.05 
2.17 
2.12 


0.40 
1.82 
2 03 
1 90 
1.97 


(0 the 20-mesh limestone. There was very little variation in the percentage 
of nitrogen, although in this instance the 200-mesh limestone gave a consid- 
erably higher percentage than did the other grades of limestone. The reason 
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for the high nitrogen content in the checks is, of coarse, the relatively low 
yield, tins phenomenon being of too common occurrence to require further 
comment. Again in general, the total nitrogen in grams is roughly propor- 
tional to the yields obtained. In the series receiving ammonium sulfate 
it is at once evident that the total yield of all pots (with the exception of the 
checks, due to higher acidity), is higher than in the case of the soils receiving 
no nitrogen. Again, the results with the different grades of limestone and 
ammonium sulfate exactly parallel those obtained where nitrogen was not 
added. The variatiens in nitrogen content are negligible. The fact that the 
60-mesh gives a superior yield to that obtained with the finer limestone has 
already been discussed in connection with the previous crop. It is espe- 
cially interesting to note that the yields where fine pulverized limestone is 


takle 22 

S culmination of aridity by different degrees of fineness of pulverized Unable (Sassafras sandy 
loam after griming Iwkwheat) 


! 

[ CaO r>* Kit 

1 

| CaO m * <ir | 

AVEtAOK C*0 

| ru ioi 

So qftrogrn a 

pplird 



Check 

20- 40 mesh 

60- 80 mesh 

100-200 mesh 1 

200 + mesh 

pounds 

4,000 

3,100 

2,600 

1,750 

1,650 

1 IIISI 

1 — — — 

found i 

4,750 

3.100 

2.100 
1,700 
1,650 

Id grams (NHOtSOf applied 



Check 

5,200 

4,500 

4,850 

20- 40 mesh 

3.000 

3,400 

3, .500 

60- 80 mesh 

3,600 

2,500 

3,050 

100-200 mesh 

2.250 

3,300 

2,37.5 

200 + mesh 

1,900 

2,000 

1,950 


used without any addition of nitrogen arc only slightly inferior to the yields 
obtained where ccarse limestone was accompanied by an application o! 
ammonium sulfate at the rate of 660 pounds per acre, * 

In order to cast further light upon the neutralization of soil acidity by the 
different grades of pulverized limestone, the lime-requirement of all soils 
was determined after harvesting the crops and before leaching. This was 
dene by taking three cores of soil the entire depth of the pot, mixing them 
thoroughly and measuring out a representative sample of 200 grams, of which 
10-gram portions were used for the Veitch determinations. The results 
obtained ait shown in table 22 and may be considered of primary importance. 

In the first place it is evident in both series that an increase in fineness 
of division is responsible for a diminution of the lime-requirement. Again, 
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it will be seen that in comparing the series receiving ammonium simile with* 
the series receiving no nitrogen , the former had a uniformly hlgfer lime- 
requirement than the latter, regardless of the grades of limestone used. ^ While 
the agreement between duplicates is not in all cases what might be desired, 
nevertheless, the general trend is unmistakable. This, after a fashion, may 
be considered as bearing upon the discussion of crop yield, namely, the com- 
posite sample of soil receiving 200-mesh limestone has a lower lime-require- 
ment than where the ovarser material was used, but the fact that the plants 
could not take advantage of this indicates that much trf the neutralization 
took place IjcIow the root zone. Consequently, the yields obtained with 
medium fine material are superior to those obtained with very fine limestone. 

After harvesting the crops, the soil in each pot was leached as previously 
described and duplicate samples of 20 cc. were taken for the determination 
of acidity by titration with N/50 NaOH, phenolphthalein being used; and 
of alkalinity by titration with N/50 HC1, with methyl orange as an indicator. 
The general tendency was for a decrease in acidity with an increase in fine- 
ness of division of pulverized limestone, and for an increase in alkalinity. 
The series receiving nitrogen showed a higher acidity than where ammonium 
sulfate was applied. Thus it required 0.86 cc. of N/50 NaOH to neutralize 
the acidity where 200-mesh was used, as against 1.75 cc. where 20-mesh lime- 
stone was used in the scries receiving no nitrogen, and 1.46 cc. as against 
l.% cc. in the scries receiving ammonium sulfate. The other results were not 
tabulated because of lack of sufficient agreement between duplicates. This 
is likewise true of the determinations of ammonia, nitrates and calcium, al- 
though the general tendency exhibited was that an increase in fineness of 
division of pulverized limestone was responsible for a decrease in the loss 
of ammonia and nitrate nitrogen and an increase in the loss of calcium in the 
drainage waters. 

The next crop to be grown in these pots was rape. This was selected be- 
cause of the fact that the experiment in progress required that there be no 
addition of nitrogen to one scries of soils, and rape is not regarded as a heavy 
feeder on nitrogen. Of course, the root residues of former crops furnished a 
source of nitrifiable material and this is undoubtedly the principal reason for 
the good yields obtained. Fifteen grams of add phosphate and 7 5 g rama of 
muriate of potash were added at the outset of the experiment and limesto ne 
was added to all soils in excess of the lime-requirement as determined after 
harvesting buckwheat (table 22). These applications were made on the basis 
of two-thirds in excess of the lime -requirement of the soils having the greatest 
aridity (the checks receiving one-fourth in excess in the form of 200-mesh 
limestone). The additions of fertilizer and lime were made two weeks before 
planting 20 rape seeds. The seedlings were thinned to 10 in number, and the 
additional application of 5 grams of ammonium sulfate made. The crop was 
grown to maturity but difficulty was experienced in combatting cabbage 
worms. This pest was finally exterminated, after creating considerable dam- 
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age, by mrinkling the leaves with powdered lead arsenate. The results of 
crop yiewand nitrogen content are recorded in table 2d. 

While the differences between treatments are not pronounced, due to the 
fad that an excess of lime was applied, nevertheless, it is evident in both 
series that the 60 to 80-mesh limestone yielded superior results while the 
20ff*mesh appeared to better advantage than did the 20-mesh limestone, which 
corroborates the conclusions based on the yields with the previous two crops. 
Again the percentage of nitrogen in both scries is highest with the 200-mesH 
limestone, while the total nitrogen in grams parallels the crop yields. It will 
also be seen the series receiving ammoinum sulfate gave higher yields and 
nitrogen content than the series receiving no nitrogen. However, the yields 


table n 

The effect of fineness of division of pulverized limestone on (he yield of rape in drainage tanks 
{tU'O'thirds in excess of lime-requirrmrnl) 


TftBATNBNT 

WtlOTT 

o» ator 

DC rue ATM 

avkbaoi 

xmouKN 

NITIDOIN 

AVCI AUK 
JWIUQKK 

TOT 41. 

xrnoami 

» No nitrogen applied 


trawu 

trams 

trams 

per emt 

ptr cent 

per «nl 

(*•»! 

Check 

55.4 

68 4 

61 9 

1 .so 

1 55 

1 53 

0 95 

20- 40 mesh.. . 

56 0 

60.0 

58 0 

1 31 

1 29 

1 .10 

0 75 

60- 80 mesh.. . 

71.0 

72.5 

71 8 

1 29 

1.31 

1 30 

0 93 

100-200 mesh... 

72.2 

64 2 

68 2 

1 28 

1.40 

1 34 

0 91 

200 + mesh 

66.2 

69 2 

67.7 

I 42 

I 35 

139 

0 94 

12 grams (NHdtSO* applied 

Check 

78 7 

70 5 

4 74 6 

2 63 

2.85 

2,79 

2 08 

20- 40 mesh.. . 

77.7 

72.0 

74 9 

1 89 

1 81 

1.85 

1.39 

60- 80 mesh.. . 

05 0 

81.2 

88.1 

1 81 

1 87 

1.84 

1 62 

100-200 mesh.. . 

76.7 

71 0 

73 9 

1 88 

1 88 

1.88 

1 39 

200 -f mesh 

76.0 

76 6 

76 3 

1 88 

1 92 

1 90 

1 45 


with the finer limestone without nitrogen were only slightly inferior to those 
obtained with the coarse limestone where ammonium sulfate had been added 
at the rate of 600 pounds to the acre. Thus one might argue that limestone 
was responsible for an increased supply of available nitrogen to the plant. 

Following the previous procedure of determining the lime-requirement of 
all the soils before leaching, the results are presented in table 24. 

It will be seen that in both series an increase in fineness of division of pul- 
verized limestone was accompanied by a decrease in the lime-requirement. 
There is mutual corroboration in the fact that the check soils, as well as those 
regularly receiving 200-mesh limestone, were alkaline, for it will be remembered 
that the former received an excessive application of 200-mesh limestone. It 
is further interesting to note that the acidity developed in the soils receiving 
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60-mesh is only one-half (or less) of that developed in the soils receiving 
20-mesh limestone. 

The soils were leached in the usual manner and the acidity and alkalinity 
titrated as More. Again, the results indicate that with an increase in fine- 
ness of division of pulverized limestone there is a decrease in acidity and an 
increase in alkalinity. For example, in the scries receiving no nitrogen, 20 
cc. of drainage water from the soil treated with 20-mesh requires 3.28 cc. of 
N/50 NaOH to effect neutralization while 200-mesh requires only 2.53 cc. 
In the series receiving ammonium sulfate, the former treatment requires 3.93 
cc. and the latter only 1.80 cc. The results of the ammonia and nitrate de- 
terminations were too variable to permit of definite conclusions, although there 


Neutralization of at id it y by different degrees of flumes'; of division of pulverized limestone 
(Sassafras sandy loom after rapt). Two-thirds in excess of lime require- 

ment applied- 200-mesh limestone applied to check 


rtKATUE.sr 

CaO 

CaO 

AYEKAGE C«0 

Xo 

• 

ndrogen applied 




pounds 

pounds 

pounds 

Check 

Alkaline 

Alkaline 

Alkaline 

20 40 nu>h 

2.500 

2,300 

2,400 

60 W) mesh 

1,300 

1,200 

1,250 

100-200 mesh 

Alkaline 

Alkaline 

Alkaline 

200 -f mesh 

Alkaline 

Alkaline 

Alkaline 

12 scrums (KHJsSO* applied 

Check 

100 

Alkaline 

50 

20 40 mesh 

3.500 

2,900 

3,200 

60- NO mesh 

1,000 

800 

1,350 

100 200 mesh 

100 

Alkaline 

50 

200 4- mesh . . 

Alkaline 

Alkaline 

Alkaline 


appeared to be a tendency for an increase in fineness of division of pulverized 
limestone to cause a decrease in loss of ammonia and nitrates. Thus in the 
series receiving ammonium sulfate the 20-mesh treated soils contained 2.10 
mgm, of nitrogen nitrates, while the soils treated with 200-mesh yielded only 
0.46 mgm. of nitrogen. Again in the series receiving no nitrogen, with the 
20-mesh there were 1.653 mgm. of nitrogen in the form of ammonia in the 
drainage compared with 0.798 mgm. of nitrogen in the case of the 200-mesh. 

The results of the calcium detenninations in the drainage water are pre- 
sented in table 25. 

It will be seen that in both series (with one exception) there is an increased 
o me with an increase in fineness of division of pulverized limestone. 
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While the duplicates are not always in close agreement, nevertheless, the 
general tendency of the averages is pronounced. 

Since rape grew so well under the conditions of its first trial, it was deemed 
advisable to use the same plant again. No lime or fertilizer was added other 
than the ammonium sulfate in the manner previously described. Twenty- 
five seeds were planted in each pot, and these were later thinned to 15 seed- 
lings. An inspection of the results in table 26 shows slight differences as a 
result of treatment. 

However, as usual the 60*mesh limestone is superior to the other grades. 
The yields on the soils receiving ammonium sulfate are distinctly sujwrior 
to those receiving no nitrogen. Because of the nature of these results, dif- 
ferences in drainage waters were not to lie anticipated, and Consequently the 
soils were not leached. 


TABLE 25 


A najysis of drattuip u-atrr: determination of r<i/< rum. Third win 


TREATMENT 

C* 

; IMPLICATE 

AVKIAOK 

A J o nilropn applied 





«£»• 

mjm. 

Check 

78 3 

74 0 

75 7 

20- 40 mesh 

77 0 

I/isl 

77 9 

60- 80 mesh 

71 7 

70 0 

70 9 

100- 200 mesh 

81 8 

80 5 

81 2 

200 -f mesh 

85 4 ! 

80.8 

87 6 


12 pants (Nl hhSQ* applud 


Check „ 

51 9 

79.2 

65 6 

20- 40 mesh 

(f) $ 

112.2 

90 9 

60- 80 mesh 

m i 

49 4 

101 2 

100-200 mesh 

176 0 

Ix»sl 

118 4 

200 + mesh 

176 0 

92 0 

1 134.0 


Summarising the results obtained in the ivork just discussed concerning 
the growth of various crops in large pots permitting the collection of drain- 
age water and the analyses thereof, the following points have been estab- 
lished, a light sandy loam (Sassafras) being treated with different degrees of 
fineness of pulverized limestone, which had been cropped to barley, buckwheat, 
and iUpe (twice). 

1. Both in the series receiving an application of ammonium sulfate at the 
rate of 660 pounds to the acre and that receiving no nitrogen, the 60-mesh 
limestone gave the highest yields. This is explained by the fact that the finer 
grades of limestone were washed down below the root zone where they be- 
came teas effective in neutralizing soil acidity and making plant-food avail- 
able. The 200-mesh gave higher yields than 20-mesh limestone. 
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2. The highest average per cent of nitrogen in the various crops was obtained 
with the 200-mesh limestone in the series with and without nitrogen. 

3. The soils receiving an application of ammonium sulfate at the rate of 
600 pounds to the acre yielded crops superior to those which received no 
nitrogen, when the limestone treatment remained the same. 

4. The best yields with the finer limestone with and without nitrogen are 
only slightly inferior to the yields obtained with the coarsest limestone on soil 
receiving 660 pounds of ammonium sulfate to the acre. This suggests a pos- 
sible value for finely-pulverized limestone, namely, the making available of 
nitrogen in the soil. 

TABLE 26 


The tfittl of Jinrrtcs s of division of pulverized limestone on the second successive crop of rapt 
grtnen in draim£r pots 


TIIUTWICVT 

WEIGHT OT 
C*OP 

duplicates 

AVVtAQl 

Without nitrogen 


from 

poms 

gromt 

Check 1 

17 7 

20 9 

19.3 

20- 40 mesh . 

19.8 

21.5 

20.7 

60 80 mesh i 

24 2 

23 6 

23.9 

100-200 mesh. j 

20.8 

17 8 

19.3 

200 + mesh. . j 

18 0 

23 1 

20.6 


12 trams (\’H<)iSO< applied 


Check 

29 1 

10.3* 

29 1 

20 40 mrsh 

32.2 

32.2 

32.2 

60“ 80 mesh. . 

33.0 

32.1 

32.6 

ICO 200 mesh 

31.5 

31.5 

31.5 

■200 4 mesh 

25.3* 

31.6 

31.6 


• Poor growth observed 


.\*Large galvanized iron pots were devised for growing crops in the green- 
house and collecting drainage water. The analyses of the latter indicated that 
an increase in fineness of division of pulverized limestone was responsible for a 
decreased loss of ammonia and nitrate nitrogen, thereby conserving Jthe 
nitrogen supply. There was an increased loss of calcium, however, which is 
an important consideration from the standpoint of economy in the application 
of lime. 

6. As in the preceding experiments an increase in fineness of division of 
pulverized limestone was responsible for a corresponding decrease in the 
lime-requirement of the soil. The titration of the aridity and alkalinity of 
the drainage waters indicated that an increase in fineness of division of pul- 
verized limest ore was accompanied by a decrease^in aridity as measured by 
N 10 NaOH and ar; increase in alkalinity as measured by N/10 HC1. 
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SUMMARY 

Considering as a whole the results set forth in this investigation , some 
interesting facts have cbme to light which appear to have a direct bearing 
upon the agricultural practice of liming. The intluence of fineness of division 
of pulverized limestone, upon crop yield un various soils 1ms been discussed, 
together with the effect upon the chemical and bacteriological factors of the 
soil. The more important points which have l)cen established under the 
limitations of the experiment may be summarized as follows. 

1. An increase in fineness of division of pulverized limestone from 20 to 40, 
60 to 80, 100 to 200, to finer than 200-mesh is responsible for a proportional 
increase in the yield and total nitrogen content of crimson clover on several 
soil types (representing extensive fertile areas in the Inited States); and a 
corresponding decrease in lime -requirement. 

2. From the above standpoint there was little choice biween burnt lime 
and 200-mesh limestone. 

3. Employing an apparatus devised for measuring the rate of neutraliza- 
tion of soil aridity by different grades of pulverized limestone, it was found 
that in three different soils the limestone finer than 60-mesh required abut 
three weeks, while 20-mesh limestone required more than seven weeks to 
effect neutralization. An increase in the quantity of limestone required for 
neutralization was proportional to an increase in fineness <■( division of pul- 
verized limestone, for any given period of time. 

4. An increase in fineness of division of pulverized limestone is responsible 

for an increase in the activity of the bacteriological processes of ammonifi- 
catioo, nitrification and nitrogen fixation (within certain limitations) as 
measured in soil and solution. This holds true regardless of whether the 
amount of limestone applied is less or somewhat more than the indicated Veitch 
lime-requirement. . 

5. The increase in bacteriological activities with an increase in fineness of 
division of pulverized limestone may be correlated directly with the chemical 
factors involved, i.e., the rate of neutralization of acidity, etc., and also 
crop yield. * 

6. With pots cropped to barley, buckwheat and rape (twice) which had 
been designed to permit the collection of drainage water, it was found that on 
a light open sandy loam the highest yields were obtained from soils treated 
with 60 to 80-mesh limestone. Two hundred-mesh proved superior to 20-mesb 
limestone but inferior to the former, because the material was probably gashed 
down below the root zone. These results were paralleled both in the series 
with and without nitrogen, although the yields in the former case were superior 
to those in tbe latter. However, the fine limestone without nitrogen gave 
almost as high a yield in several instances as the coarse material with an appli- 
cation of 660 pounds of ammonium sulfate to the acre. The highest average 
per cent of nitrogen, however, was obtained with 200-mesh limestone. 
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7. An increase in the fineness of division of pulverized limestone was accom- 
panied by a reduction in the lime-requirement. An analysis of the drainage 

.waters indicated that there was a decreased loss of ammonia and nitrate 

» 

nitrogen but an increased loss of calcium. 

8. In general, an increase in the fineness of division of pulverized limestone 
is responsible for a proportional increase in crop yield, as well as for exerting 
a beneficial influence on the chemical factors in the soil. Furthermore, 200- 
mesh limestone may be regarded as effective as burnt lime. 

In conclusion, it is a privilege to express appreciation to Dr. J. G. Lipman 
for his valuable advice so generously rendered in the planning and execution 
of this investigation. The writer is also indebted to Professor A. W. Blair 
for his assistance and interest throughout the work; and to his colleagues in 
the laboratory for many timely suggestions. Thanks are due Dr. H. E. 
Kiefer, Mr. K, C. Carhart and Mr. E. Meyer for material furnished by them. 
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PLATE I 

Galvanised iron pots permitting collection of drainage water, cropped to barley. 
Trcoimtnt: 11, /*, Mineral* + 12 grams (NIDtSO*; 13 , M, Minerals +12 grams 
(NHO1SO4 + 2(M0 me*h limestone; 15, 16, minerals + 12 grams (NH^jSO* + 60-80 mesh 
limestone. 
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THE YIELD AND NITROGEN CONTENT OF SOYBEANS AS 
INFLUENCED BY LIME 1 

J. G. LJPMAN and A. W. BLAIR 
From ibt A' nr Jersey A grifultwd Experiment Station 

Recefnd lor publicAtkm Jutuwy >5, 1917 

In earlier papers (2, 4) the authors have called attention to some of the 
factors which may influence the protein content of soybeans. It was pointed 
out, for example, that the shelled beans from limed plots contained a higher 
percentage of nitrogen than those grown on similar unlimed plots, and that 
this was true for all the varieties experimented with. 

A continuation of the work has confirmed the earlier results, and has further 
shown that what is true of the shelled beans is also generally true of the top 
part of the plant when harvested as forage or as dry stalks, and of the roots 
with their accompanying nodules. 

In this connection it was suggested by the senior author that a count of the 
nodules on the roots of plants from limed and unlimed plots might throw some 

light on the subject. 

METHOD 0? CONDUCTING THE EXPERIMENT 

The soil on which this experiment was carried out is a loam of fair quality, 
but previous to 1908 it had been neglected. In the spring of 1908 certain 
of the plots received a treatment of ground limestone at the rate of 2000 pounds 
per aat, and in 1913 a further treatment at the rate of 4000 pounds per acre. 
Other plots referred to as the “unlimed plots” have received no lime treat- 
ment All plots receive annual applications of acid phosphate at the rate 
of 400 to 600 pounds per acre and muriate of potash at the rate of 100 to 200 
pounds per acre. Since 1908 the plots have been used for leguminous crops 
almost entirely and as this crop has been soybeans for the past four years the 
soil is now well inoculated, as shown both by luxuriant growth and the abun- 
dance of nodules on the roots. The soil originally contained about 0.09 to 0.10 
per cent erf total nitrogen. The beans were planted about May 8 in rows 33 
ind*s apart. Germination was good and during the season they received 
the usual attention in the way of cultivation and hoeing. 

RESULTS FROM CROP HARVESTED AS FORAGE 

When the pods were well set, but before ripening hid commenced, twelve 
plants were carefully removed from one of the rows of edhh of 6 varieties that 

1 the aothon are indebted to Mr. H. C. McLean for the chemical analyses and to Mr, 
utwaki* for supervision of the held work. 
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were growing on limed and unlimed plots, and a count was made of the num- 
ber of nodules per plant. This count showed an average of 83.6 nodules per 
plant for the six varieties grown on limed plots, and 50 nodules per plant for 
the same varieties on unlimed plots. 

The number of nodules varied rather widely with the different varieties, 
but with all varieties the number was greater on the limed than on the un- 
limed plots. This would seem to substantiate further the generally accepted 
view that well limed soils, other things being equal, present more favorable 
conditions for inoculation, and therefore for the accumulation of atmospheric 
nitrogen by means of leguminous crops, than soils that are distinctly arid. 
The results obtained from the six varieties harvested as above described are 
given in table 1. 

With one exception only, the yield of dry matter, both tops and roots, is 
greater for the limed than for the unlimed plots. Likewise, with only one 
exception, the percentage of nitrogen in the dry matter, both tops and roots, 
is greater for the limed than for the unlimed plots. 

The average nitrogen content of the tops for the six varieties is — limed, 
3.08 per cent, and unlimed 2.67 per cent; and the average for the roots is — 
limed. 1.47 per cent, and unlimed, 1 24 per cent. It is thus shown that de- 
cidedly more nitrogen has been accumulated on the limed than on the un- 
limed plots. This is shown in the two columns at the right— the average 
amount in a single plant, root and top, for the limed plots being 0.71 gram 
and for the unlimed plots 0.43 gram. 

Manchu for the limed plots shows the highest percentage of nitrogen, both 
roots and tops, and also the largest amount of nitrogen recovered in the crop. 

RESULTS FROM THE MATURED CROP 

The beans on a portion of each one of the plots referred to above were 
allowed to ripen and were harvested by pulling up the entire plant. These 
were sUxxi in bunches in the field until dry, when they were taken in and 
threshed and samples of both beans and stalks prepared for analysis. At the 
time of harvesting, the plants had shed practically all of the leaves so that 
these were left on the field in place of the roots. With the stalks were included 
the roots and also the bean hulls. 

The dry weights, calculated to the acre basis, together with the results 
of the nitrogen determinations are shown in table 2. 

Here, as with the forage, the yield of dry matter and percentage of nitrogen 
for both shelled beans and stalks, are, with slight exception, higher on the 
limed than on the unlimed plots. This, it may be pointed out, is in accord- 
ance with results secured in similar experiments conducted in 1914 (4) and 
1915 (2). 

The average yield of shelled beans for the six varieties (Cloud, HoHybrook, 
Ito San, Manchu, Ohio 9035 and Swan) on the limed plots is 193 bushels 
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per acre and for the same varieties on die unlimed plots it is 13,2 bushels per 
acre. The increase on the limed plots of 6.1 bushels per acre would more 
than pay for the lime, but since this is the fourth crop of beans since the 
last application of lime and all the crops were benefitted by the liming, the 
lime has been paid for long ago, and the 6,1 bushels represent net profit in 
addition to the mcrease^in amount of stalks, which have some value. In 
1915 seven varieties on limed plots yielded, on an average, 6.5 bushels more 
than the same varieties on unlimed plots. 

Out of the fourteen varieties in 1916, only four fell below a yield of 18 
bushels per acre on the limed plots, while the Wilson gave a yield of 25,5 
bushels and Ohio 9035, Swan, Edna and Baird yielded l*tween 20 and 25 
bushels per acre. The low yield secured with Tarheel must no doubt lie 
attributed to the fact that this is a slow-growing late*maturing variety; had 
heavy frosts come early the yield would have been less, and possibly no beans 
would have matured. This variety, however, if given a long growing season, 
makes a heavy stem and leaf growth and for this reason would make an ex- 
cellent green-manure crop where land is not to be otherwise used during the 
summer and fall. The heavy growth is indicated by a yield of over two ions 
per acre of dry stalks. The yield of dry stalks is, without exception, larger 
cm the limed than on the unlimed plots. For the six varieties that have corre- 
sponding unlimed plots, the yield is approximately 50 per cent greater, while 
the total nitrogen for these same varieties is just about 100 per cent greater. 

With only one exception (stalks from Manchu), the percentage of nitrogen 
in beans and stalks from limed plots is greater than it Is from corresponding 
unlimed plots. This is in accord with the results of the past three years, 
reference to which has already been made. This is likewise in accord with 
results secured at the Massachusetts Agricultural Experiment Station with 
red clover (5). 

It is thus shown that the use of lime has consistently increased the yield of 
beans and stalks and has also given a feeding material richer in protein than 
that grown on unlimed plots. Special interest attaches to the total nitrogen 
recovered in seeds and stalks for the limed and unlimed plots. The lowest 
yield for a limed plot— 71.68 pounds per acre— is greater by about 10 pounds 
than the highest yield on an unlimed plot. 

The following varieties, limed, gave a yield of nitrogen above 100 pounds: 
Baird, Ebony, Edna, Ohio 9035 and Wilson, with Swan almost at the 100- 
pound mark. The average for the six unlimed plots is 53.52 pounds, while 
the average for the six corresponding limed plots is 87.67, or an increase of 
more than 50 per cent. 

It s not possible to say how much of this nitrogen was gained from the 
air, and how much from the soil. It has been shown, however, from a num- 
ber of experiments covering a period of eight or nine years (3) that non- 
kgummot* crops grown on nearby plots, where the soil is practically the same 
as that of the soybean plots, when unaided by nitrogenous fertilizers or 
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green manures, are not able to gain from this soil more than about 20 to 25 
pounds of nitrogen per acre, and while it docs not necessarily follow as true, 
it' seems reasonable to assume that the soybeans would probably not take from 
the soil more nitrogen than the other crops. This would mean, on an aver- 
age, about 65 pounds of nitrogen per acre taken from the airland if allowance 
b made for the learn which were left &n the field* it would probably mean 
more. This is in fair agreement with results secured by means of cylinder 
experiments in an indirect way, where leguminous crops were used as a source 
of nitrogen in comparison with nitrate of soda and stable manure (1). 

This points to the soybean as a plant especially efficient as an accumulator 
of atmospheric nitrogen and emphasizes the desirability of its wider use as a 
means of maintaining the nitrogen and humus supply of the soil. 

SUMMARY 

1. Earlier experiments have shown that when soybeans are grown on limed 
and unlimed plots, the liming not only increases the yield of dry shelled beans, 
but also the nitrogen content of the beans. 

2. The results secured in 1916 confirm the earlier experiments and also 
show that liming increases the yield of forage when the crop is harvested 
cither as hay or as dry- stalks, and also increases the percentage of nitrogen 
in these ‘materials. 

3. A count of the nodules on roots of plants taken up about the time the 
pods were fairly well idled showed an average of 83.6 nodules per plant on 
the limed plots and 50 nodules per plant on the unlimed plots. 

4. The average yield of shelled beans on the unlimed plots was 13.2 bushels 
per acre and the average on the corresponding limed plots was 19.3 bushels. 
The average percentage of nitjogen in the beans for unlimed plots was 5.73 
per cent and for the limed plots 6.15 per cent. In 1915 the corresponding 
percentages were 5.92 and 6.41, and in 1914 they were 6.21 and 6.70. 

5. The average yield of stalks was, for unlimed plots, 1342 pounds per 
acre, and tor corresponding limed plots, 2041 pounds per acre. The average 
nitrogen content of stalks from the unlimed plots was 0.615 per cent and from 
the corresponding limed plots, 0.791 per cent. 

6. The average total yield of nitrogen recovered in the crop from the 
unlimed plots was 53.52 pounds per acre and the average for the corresponding 
limed plots 87.67 pounds per acre. 

/. Reasoning from the amount of nitrogen which non -leguminous crops, 
without the aid of commercial fertilizers or green manures, have drawn from 
neaH>y plots where the soil is similar, it is believed that as much as 65 pounds 
of this nitrogen was taken from the air. 
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INTRODUCTION 

The loss of nitrogen from decomposing manure under certain conditions 
of fermentation proceeds rapidly. Wagner (21) has shown that the nitrogen 
of urine can be transformed into ammonium compounds within 48 hours 
after being voided. Pfeiffer (14), Wildt (17) and Dchcrain (7) have re- 
ported results showing that under certain conditions of fermentation 
manures may lose as much as 42 per cent of their total nitrogen as the free 
element Niklewski (13) states that doubt is unfounded as to the lilicration 
of elementary nitrogen from decomposing manure in consequence of tTie co- 
operation between nitrifying and denitrifying bacteria. Dietzell (8), Bjorn- 
Anderson (2) and Pfeiffer (14) have proveti that the addition of add phos- 
phate to manure will prevent the liberation of nitrogen. Gerlach (9) has 
recently reported that the action of gaseous ammonia upon acid phosphatfe 
results in the formation of ammonium sulfate and calcium phosphate. This 
is evidence that the conservation of nitrogen in manure treated with acid 
phosphate is the result of a combination between ammonia formed and cal- 
cium sulfate furnished by the acid phosphate, rather than the prevention of 
the formation of ammonia. 

The treatment of manure with gypsum is also a common practice. Ex- 
periments in which this material was added to both solid and liquid manure 
have been reported by Schneidewind (15), Severin (16), Dietzell (8) and 
Bohme (3). The results show that a loss of more than 50 per cent of the total 
nitrogen may occur from untreated manure, but that when 5 to 10 per cent 
of calcium sulfate is added a very small loss of nitrogen occurs and that the 
nitrogen, in the case of urine, is almost completely changed to ammonium 
sulfate, and held as such. Work reported by the Copenhagen Station (6) 
by Stoklasa (18) shows*that the addition of sulfuric acid reduced the loss 
of nitrogen from 75 per cent in untreated manure to almost nothing. Hall 
(10) and Schneidewind have each called attention to the harmful effects that 
“tty be caused by the application of gypsum-treated manure to the soil. 
The claim is made that sulfides produced by reduction of sulfate are poisonous 
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to growing plants. The results from the barnyard manure test plots of the 
Ohio Agricultural Experiment Station, where gypsum mixed with manure 
at the rate of 40 pounds per ton has been used since 1897, show no such ef- 
fect, but, on the other hand, a gain over the plots treated with manure alone. 
It is also shown by these results (reported in Circular 144, Ohio Agr. Exp. 
Sta.) that the manure designated as “stall manure” has produced larger crop 
yields than “yard manure,” thus proving that prevention of loss by leaching 
is necessary to realize the fullest return from reinforcing materials. 

The use of elementary sulfur as a reinforcing material for manure has not 
as yet received much attention. Street (19) in 1900 reported experiments 
planned for the purpose of studying changes which nitrogen of barnyard 
manure undergoes in presence of various fertilizing materials. Results of 
this work continued during two years showed that sulftfr either in the form of 
commercial flowers of sulfur or as sulfate of iron has a marked effect in de- 
creasing the loss of ammonia. 

Cook and Hutchinson (5) report that the addition of 1 pound of sulfur per 
bushel of manure greatly reduced the number of flies hatched from manure, 
but that such heavy applications applied to the soil would undoubtedly have 
an injurious effect on plant growth. 

J. C. Lipman and associates (11) have recently called attention to the bene- 
fit to be gained from treatment of compost heaps with sulfur and “floats” 
by furnishing available phosphorus. 

EXPERIMENTAL 

♦ For the purpose of studying the influence of sulfur and other materials upon 
the fertilizing value of manure as measured by changes in its composition and 
the response made by growing crops, experiments with reinforcin g materials 
were started at the Ohio Agricultural Experiment Station in May, 1915. 
The first experiment reported deals with the effects sulfur, calcium sul- 
fate and acid phosphate upon the changes occurring in solid horse manure. 
Data pertaining to nitrogen, phosphorus and sulfur are included. Manure 
which is being treated in larger containers and under the conditions described 
is being applied after fermentation to small plots to deter mine the influence 
of the several treatments on soil conditions and plant grow th 

Inder the second experiment the effect of the same reinforcing materials 
on the nitrogen content of cow’s urine is shown. 

Experiment with solid manure 

The horse manure used in this experiment ha&accumulated for about owe 
week in box stalls, fine cut wheat straw being used as litter to facilitate mix- 
ing and sampling. The manure was mixed and all lumps pulverized to in- 
sure a complete intermixture of added materials. Four tots of about 30 
pounds each were weighed out and treated as follows: to no. 1 was added 
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342 grams of acid phosphate; to no. 2, 407 grams of calcium sulfate; and to 
ao, 3, 90 grams of flowers of sulfur; the fourth lot was left untreated. After 
addition of the different materials the samples were again thoroughly mixed 
and appeared to be of uniform structure. About 25 pounds of each of these 
mixtures was placed in weighed containers and the remainder saved for 
analysis. 

The containers were 15 inches in diameter and 19 inches high, and were 
made with a cover that allowed a paraffin seal to be made. The only air 
admitted was through a glass tube extending to the bottom of the container 
through a rubber stopper in the center of the cover. The weight of container 
and contents was then obtained. Air was drawn through the ajyparalus for 


table i 

* Changes in utighl and loss of dry mallet 



MANU1I AMD 

Arm 

rnoatturr. 

MAN Ull 
AND 

avin* 

MANUit AND 

CAUHVM 

1ULMTI 

MAN Ull 

UNTtlAIZD 


ffflfPU 

tram 

tnm 

ttamt 

Total wtight of mixture at beginning 

8,471 

11,632 

11,726 

11,211 

Total weight of mixture at end 

8,201 

11,392 

11,176 

10,505 

Total weight of dry matter at beginning 

3,617 

4,210 

4, .362 

4,047 

Total weight of dry matter at end 

2,829 

3,441 

3,408 

2,731 

Percentage of dry matter lost 

2178 

18 2 

21 87 

32 5 

Total weight of moisture at beginning 

4,854 

7,422 


7,164 

Total weight of moisture at end 

5,372 

7,951 


7,774 

Gain b moisture 

518 

529 

404 

610 

Percentage of moisture at beginning 

57.3 

63.9 

52.8 

63 9 

Percentage of moisture at end 

65.5 

69.8 

69.5 

74 0 


3 hours on 3 days* week by means of a Crowell rotary pump, which 
drew 100 liters per hour through each container. The air drawn through the 
containers was first passed through three wash bottles containing sulfuric 
add and sodium hydroxide and water, in the order named, and then conducted 
through the glass tubes to the bottom of the containers. The air was drawn 
from the outlet in the top of the container and passed first into a trap and then 
through sulfuric add and sodium hydroxide solutions for absorption of am- 
monia and hydrogen sulfide. 

Loss of organic motter. After standing at room temperature from May 
7, 1915 to January 14, 1916, the cans and contents were weighed and mois- 
ture dete rminatio ns rnartp imm ediately. The data for moisture content and 
k*s of organic matter are given in table 1. 

The results show that there was an appreciable loss of dry matter due to 
the destructive processes occurring during the fermentation of manure under 
the conditions to which it was subjected in this experiment. 
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The manure treated with flowers of sulfur lost only 18.2 per cent of its dry 
matter as compared with a loss of 32.5 per cent from the untreated manure. 
The samples treated with acid phosphate and calcium sulfate lost approxi- 
mately the same amounts and only slightly more than the sulfur-treated 
manure. This is a reduction of more than 44 per cent in the loss of dry mat- 
ter from the manure when treated with sulfur, and a reduction of more than 
32 per cent by the addition of either acid phosphate or calcium sulfate. 

These treatments appear to have been unfavorable for the development of 
cellulose-dissolving bacteria, which rapidly destroy cellulose (12), the prod- 
ucts formed by their activities being immediately used by other microorgan- 
isms with the lil)eration of carbon dioxide and methane. 


TABLE 2 

Nitrogen loss and changes 



MAN OKI AND 

AOD 

mosnun 

MAN at* AND 

strurp* 

MANtNt* AND 
CALCIUM 
KJ1IAT* 

MAJTCU 

UNTtlATU) 


|fOni 

Irani 

Irani 

Irani 

Weight of total nitrogen at beginning 


94.8008 

89 1176 

96 4146 

Weight of total nitrogen at end 

63.9678 

91 1360 

K 

86 1410 

Weight of nitrogen lost 


3.6648 

■ w 

10.2321 

Weight of nitrogen recovered as ammonia . . . 


BEES 


0.0415 

Weighf of nitrogen lost as free clement or cx- 





pcrimenlal error 


3.6545 


10.2321 

Percentage of total lost 

3.1 

3.8 

3.4 

10.6 

Weight of water-soluble nitrogen at beginning . . 

30.83 

42.80 

43.85 

4! 14 

Weight of witer-solublc nitrogen at end 

6 31 

14.69 

14 52 

12.81 

Percentage of original water-soluble nitrogen 
changed 

79.53 

65.6 

66.88 

68.8 


A dried and ground sample of the sulfur-treated manure at the end of the 
experiment gave an arid water extract, while that of the untreated manure 
gave an alkaline reaction. The fact that the manures contained more water 
at the end of the experiment than at the beginning indicates that the bacteria 
had optimum working conditions so far as the moisture content was 
concerned. 

Changes in nitrogen content. The amounts of different forms of nitrogen 
found in the manure before and after fermentation are given in table 2. Since 
a small amount only of the total nitrogen content was evolved as ammonia 
from the untreated and treated manure, it appears that the conditions of 
fermentation existing during the experiment were not favorable for the lib- 
eration of appreciable quantities of ammoniacal nitrogen. The weights of 
nitrogen evolved from the different samples as ammonia and as free nitrogen 
* are shown in table 2. 
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Total nitrogen. The three lots of treated manure have lost approximately 
the same amounts of total nitrogen, vuj., 3.5 per cent This figure compared 
with a loss of 10.5 per cent in the untreated manure shows that there was a 
conservation of nitrogen by the reinforcing materials used. Since only a 
small amount of ammonia was recovered, nitrogen must have been lost as 
free nitrogen. 

The treatments either have made conditions unfavorable for ammoniacal 
lermentation or have been efficient in preventing the escape of ammonia which 
may have l>een produced. The latter view appears to furnish tin* more 
correct explanation when the results obtained arc considered in more de- 
tail. 

The acid phosphate treatment, no doubt, furnished sufficient calcium 
sulfate to combine with ammonia as it was produced, forming ammonium 
sulfate. A reaction may also have taken place to some extent lietwcen mono- 
calcium phosphate and ammonia. In the sample treated with calcium sul- 
fate the ammonia formed would also lie held as ammonium sulfate. Kvi- 
dence of the effectiveness of calcium sulfate in this respect is furnished by re- 
sults obtained in the second exjierimenl reported where liquid manure was 
treated with calcium sulfate. The fact that the manure treated with sulfur 
developed acidity equivalent to 24 grams of sulfuric acid during fermentation 
is evidence that this acidity may have been responsible for the retention of 
nitrogen as ammonia where sulfur was used in this experiment. The con- 
ditions maintained were evidently such that the loss of free nitrogen was 
brought about by denitrification processes developing between periods of 
aeration or during the latter part of the experiment, during which lime the 
containers were aerated to a less extent than previously. 

Water-soluble and nan- prokid nitrogen. There is, under all conditions of 
manure fermentation, a transformation of water-soluble nitrogen to insoluble 
nitrogen, which is due to the utilisation of ammonia and other soluble Com- 
pounds of nitrogen by bacteria. In this experiment the effect of bacterial 
activities during fermentation of the untreated manure anti that treated 
with gypsum and sulfur has been to change approximately 67 per cent of the 
water-soluble nitrogen originally present to some form insoluble in water. 
In the add phosphate-treated manure there was a greater decrease in the 
water-soluble nitrogen content, about 80 per cent being changed to insoluble 
nitrogen. The supply of soluble phosphorus furnished may have favored the 
development of bacteria. 

During fermentation about 70 per cent of the non-pro te id nitrogen pres- 
ent in the untreated manure and that treated with sulfur and calcium sul- 
fate at the beginning of the experiment has been changed to proteid nitrogen. 

The decreased content of water-soluble nitrogen and the increase in proteid 
nitrogen shows the effect of fermentation on solubility and availability of 
the nitrogen compounds of manure. 

The work of R. A. Berry (1) regarding these changes in nitrogen content 
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of manure during storage shows that the solubility of nitrogen is decreased 
considerably during fermentation. 

Changes in phosphorus. The analytical data pertaining to changes in the 
solubility of phosphorus in the different lots of manure are given in table 3. 
With the exception of the manure treated with acid phosphate, the total 
phosphorus content is approximately the same. 

Water-soluble and citrate-insoluble phosphorus. During the fermentation 
of untreated manure the solubility of the phosphorus was decreased 24 per 

TABLE J 


Changes in phosphorus * 



HAS (IK A MB 

ACID 

ps r>s ph A rt 

MANrtS 

AND 

strim 

MAVrtE AMD 
CAiaUM 
RinPATl 

KAKCll 

nmajuiD 

Weight of phosphorus before and after fcrmcn- 

ttam 

trow 

tram 

tram 

tation 

27.72 

14 55 

14 28 

14.12 



6 53 

5.12 

5.68 


■a 

4 23 

2 21 

4 28 

Percentage of original changed 

62 53 

35.2 

56 83 

24 6 

Weight of phosphorus soluble in 0.2 per cent 





alkali at beginning 

Weight of phosphorus soluble in 0.2 per cent 

6 59 

9 05 

10 00 

8 57 

alkali at end 

2 46 

5.32 

3 09 

5 09 

Percentage of original changed 

62 67 

41 2 

69 10 

40 6 

Weight of phosphorus soluble in 0.2 per cent j 





acid at beginning 

Weight of phosphorus soluble in 0,2 per cent 

21 92 

4.57 

4 24 

3 74 

acid at end 

29 79 

7.69 

7.77 

8 69 

Weight of inorganic phosphorus at beginning 

8 18 

2.12 

2.35 

1.94 

Weight of inorganic phosphorus at end 

Weight of citrate -insoluble phosphorus at begin- 

12 23 

6.47 

2 40 

5.03 

ning 

4.38 

2.88 

2.84 

3 54 

Weight of citrate-insoluble phosphorus at end 

3.77 

2.78 

2.30 

2.13 

Percentage of original changed 

13 92 

3.4 

1 

19.01 

40 0 


cent. The reduction of water-soluble phosphorus in the man ure treated with 
acid phosphate was 62 per cent of the soluble phosphorus present at the be- 
ginning of the experiment. As the acid phosphate added contained 5.8 
per cent of water-soluble phosphorus, the greater decrease in solubility was 
that of soluble phosphorus added. Calcium sulfate has actively decreased 
the solubility of phosphorus originally present. If depression of solubility 
of phosphorus in fermenting manure is due to the function which phosphorus 
performs in the life cycle of bacteria, it would seem that calcium sulfate had 
stimulated bacterial activities. 
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The amount of citrate-insoluble phosphorus in all the samples was less 
after fermentation than before, showing that during fermentation there has 
been a change from insoluble to citrate-soluble forms. The greatest change 
is found in the untreated sample, in which 40 per cent of the original citrate- 
insoluble phosphorus has been changed to forms soluble in neutral ammonium 
citrate solution. The add phosphate and calcium sulfate samples show a 
change of 13 and 19 per cent, respectively; the change in manure treated with 
sulfur was very small. The results for water-soluble and citrate-insoluble 
phosphorus show that, while there has been a loss of water-soluble phosphorus 
during fermentation, at the same time there has occurred an increase of phos- 
phorus soluble in neutral ammonium citrate. Similar results are reported 
by Tottingham and Hoffman (20). 

Inorganic phosphorus. The results obtained for inorganic phosphorus by 
the method (4) used show that the amount present at the beginning uf the 
experiment has been increased during fermentation, except in the case of the 
cakium sulfate-treated manure, where the same amount was found at the 
end of the experiment as at the beginning. 

Solubility of phosphorus in 0.2 per cent sodium hydroxide solution has 
been reduced in all the samples by approximately 50 per cent of the amount 
originally present. Aside from having a solvent action on iron and aluminum 
phosphates possibly present, it would be expected that the action of dilute 
alkali would be greater on organic phosphorus compounds than on inorganic 
phosphates. There has been a decidedly increased solubility of phosphorus 
in 0.2 per cent hydrochloric arid, and this increase has been greater in the 
manure to which no phosphorus was added. 

The comparative solubility of phosphorus in 0.2 per cent hydrochloric 
acid and water, before and after fewnentation, is of interest as indicating a 
change from organic to inorganic phosphorus. With the exception of manure 
treated with-add phosphate, less phosphorus was soluble in 0.2 per cent acid 
than in water at the beginning of the experiment, while after fermentation 
the acid-soluble phosphorus exceeded the water-soluble. The reduced solu- 
bility of phosphorus in dilute alkali and the increased solubility in acid, con- 
sidered in connection with results obtained for inorganic phosphorus, furnish 
evidence of the change from organic to inorganic phosphorus during the period 
of fermentation, under the conditions of this experiment. 

Changes in sulfur , Considerable quantities of sulfur were evolved as hy- 
drogen sulfide from the treated and untreated manure during fermentation. 
The formation of hydrogen sulfide, however, proceeded at a much slower 
rate in the untreated than in the manures treated with sulfur, calcium sul- 
fate and add phosphate. A measure of the hydrogen sulfide evolved was 
obtained by determining the sulfur content of the sodium hydroxide solutions 
U3e d in the absorption of hydrogen sulfide. The weights of sulfur which were 
evolved as hydrogen sulfide were as follows: From manure treated with sul- 
fur, 9.29 grams; manure treated with arid phosphate, 6.01 grams; manure 
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and calcium sulfate, 3.46 grams; and from the untreated manure, 0.3867 
grams. These figures show that the largest amount for hydrogen sulfide 
was obtained from the sulfur-treated manure. 

The odor of the air exhausted from the containers indicated that organic 
compounds were being evolved and not absorbed by the acid and alkali solu- 
tinns through which the air was passed. 

Determination of water-soluble sulfates in the sulfur-treated manure showed 
the presence of sulfates equivalent to 15.2 grams of sulfuric acid at the begin- 
ning and 58.6 grams at the end of the experiment. This is a production of 
sulfates equivalent to 23.4 grams of sulfuric acid during the period of fermen- 
tation. The untreated manure showed a loss of sulfates equivalent to 4 
grams of sulfuric acid which is due in part to the evolution of hydrogen 
sulfide. 

The results obtained by titrating the boiled water extracts of the sulfur- 
treated and untreated manure with tenth-normal alkali solution gave the same 
indications as were obtained by the determination of water-soluble sulfates 
in two samples. Water extracts of both the sulfur- treated and untreated 
were acid in reaction at the beginning of the experiment, while after fermen- 
tation the sulfur- treated manure had increased in acidity and the untreated 
manure had become alkaline in reaction. 

Experiment with liquid manure 

The effect of sulfur, calcium sulfate and acid phosphate on liquid manure 
was studied under the following conditions: 500-cc. portions of cow’s urine 
were placet! in 2-quart jars and the materials referred to added in amounts 
as shown in table 4. The jars were covered with cheesecloth and placed in 


TABLE 4 

Changes in nitrogen content of liquid manure 
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27 grams acid phosphate 

5 09 

4 83 

5 1 

0 2 

0 4642 

0 2642 

7 grams sulfur . 

5.00 

4 58 

10 0 

0 2 

0 2923 

0 0923 

27 grams calcium sulfate 

5 09 

4 595 

9 72 

0 2 

3 4750 

3.2750 

Untreated 

509 

0 989 

80.58 

0.2 

0.4299 

0 2299 


a room free from ammonia fumes and allowed to stand from July 8 to August 
14, 1916. The contents of the jars were stirred at regular intervals during 
this penod. The results reported showing a loss of total nitrogen and the 
changes in ammoniacal nitrogen occurring in the several portions are the aver- 
age of duplicate determinations upon duplicate jars. 
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The untreated urine lost 80 per cent of its total nitrogen. While the ad' 
ditions of sulfur, calcium sulfate and acid phosphate have considerably de- 
creased this loss, the results show that acid phosphate has been most effective 
in this respect. 

The quantities of ammuniaeal nitrogen found in the treated |>ortions of 
urine, as compared with the ammoniacal nitrogen content of the untreated 
portion at the end of the experiment, afford an explanation of how the treat- 
ments have operated in preventing loss of nitrogen. In the case of urine 
treated with calcium sulfate, the weight of ammoniacal nitrogen at the end 
of the experiment was only slightly less than the total nitrogen content, in- 
dicating that ammonia was transformed into ammonium sulfate and held 
in this form as rapidly as it was produced. 

As the ammoniacal nitrogen content of acid phosphate- treated urine at 
the end of the experiment is only slightly increased over that of the untreated 
portion, acid phosphate has prevented the formation of an appreciable amount 
of ammonia during the period from July 8 to August 14. The same conclu- 
sion can be drawn from the results for the sulfur- treated urine. 

Some time after the period during which the experiment was continued, 
the formation of ammonia in the acid phosphate-treated portion develo|>cd 
rapidly. After the removal of a part of the contents of the jars on August 
14 for determination of total and ammoniacal nitrogen the jars were sealed 
and allowed to stand until December 7. Upon opening the jars at this lime 
the acid phosphate* treated sample was found to be alkaline and evolving am- 
monia at such a rapid rate that red litmus pajKT susjjendcd in the jar was 
quickly changed from red to blue. This is of considerable interest in view of 
the fact that acid phosphate was most effective in decreasing loss of total ni- 
trogen, and at the same time prevented the formation of ammoniacal nitrogen 
during the period from July 8 to August 14. 

SUMMARY 

The loss of dry matter from manure after fermenting for 250 days was 

32.5 per cent in untreated manure and 21.8 per cent from manures treated 
with acid phosphate and calcium sulfate, while the sulfur- treated manure 
lost 18 per cent. 

Manures treated with acid phosphate, sulfur and calcium sulfate lost ap- 
proximately 3.5 per cent of their total nitrogen as compared with a loss of 

10.5 per cent from the untreated manure. 

The water-soluble and non-protein nitrogen wer£ greatly reduced during 
fermentation. 

The water-solubFe phosphorus has been decreased in all the samples, but at 
the same time the citrate-insoluble has also been decreased. 

The solubility of phosphorus in 0.2 hydrochloric acid has been increased, 
and the organic phosphorus was greatly decreased during fermentation. 
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The three treated manures evolved large amounts of hydrogen sulfide. 
The largest amount was evolved from manure to which sulfur was added. 

The manure treated with flowers of sulfur produced water-soluble sulfates 
equivalent to 23.4 grams of sulfuric acid, as compared with a loss of about' 
4 grams from the untreated sample during fermentation: 

The acidity of water extracts of untreated and sulfur- treated manure was 
the same at the beginning of the experiment, but during fermentation the 
sulfur-treated manure increased in acidity, while the untreated sample became 
alkaline. ♦ 

Sulfur, calcium sulfate and acid phosphate were very effective in prevent- 
ing loss of nitrogen from urine. The untreated urine lost 80 per cent of its 
total nitrogen. 

Treatment with sulfur reduced the loss of nitrogen to 10 per cent and pre- 
vented formation of ammonium salts. 

The calcium sulfate-treated sample lost 9.7 per cent of its nitrogen, and 68 
per cent of its total nitrogen was transformed to ammonium sulfate and held 
as such. 

The urine treated with acid phosphate lost only 5 per cent of its nitrogen, 
and the treatment prevented the formation of ammoniacal nitrogen in an open 
container during the 37-dav period of the experiment. 

After standing in a closed jar three months longer, the acid phosphate- 
treated urine was found to be alkaline and evolving ammonia. 
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A PRELIMINARY SOIL CENSUS OF ALABAMA AND WEST 
FLORIDA 

ROLAND M. HARPER 

Rweived for publianloa Fcbruiry iR, jgtj 

The state of Alabama is readily divisible Into fifteen or twenty geographical 
divisions, differing in geology, soil, topography, vegetation, and cultural 
features. The soils of each of these were described, as accurately as was jx>s- 
sible at that time, by Dr. Eugene A. Smith, state geologist, in the sixth volume 
of the Tenth Census, 1884, and in his report on the agricultural features of 
Alabama, published by the State at aljout the same time. These reports 
include chemical analyses of soils from forty-nine localities, but these are loo 
few to be thoroughly representative of so many regions, am! indeed some of 
the regions are not represented at all. 

Comparatively little has been added to our knowledge of the chemistry of 
Alabama soils since 1884; but since 1902 the United States Bureau of Soils 
has made more soil surveys in Alabama than in any other state- no doubt 
largely on account of the splendid foundation laid by Dr. Smith -ami over 
half the area of the state, including the whole of some geographical divisions 
and parts of all the others, lias now Ixren mapped by that organization. 

West Florida, which is that part of Florida west of the Apalachicola River, 
is here combined with Alabama to make an area of more regular shape and to 
illustrate some geographical principles better. 1 Four of the divisions of Ala- 
bama extend into it, and it also, has four smaller divisions which arc not rep- 
resented in Alabama, Three government soil surveys cover parts of it, and 
the soils of the whole state were descrilied by Dr. Smith in the same Tenth 
Census volume above mentioned. 

The present census is based on all the government soil surveys for Alabama 
and West Florida published up to the end of 1916. As is doubtless well known 
to readers of this magazine, these reports, most of which cover a single county, 
say little or nothing about soil chemistry, but classify soils according to origin, 
color, moisture, texture, etc. Except for a few essentially non*agricultural 
types, such as rock outcrop, swamp, and coastal beach, each type of soil is 
given a generic or series name, usually of geographical origin, denoting its 
8u Pposed history and color, and a specific or class name indicating its texture. 

1 Ever since Florida became a part of the United States there has been more or less 
of annexing West Florida to Alabama; and the Methodists long ago included it in their 
Conference. Sections 81 and 82 of Bulletin W of the United Slates Weather 
together cover exactly the same territory as this paper, 
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A» the work has progressed during the last fifteen years or so, the number of 
series names has multiplied enormously, until now the distinctions between 
some of them are pretty hard to grasp. This makes it impracticable to use the 
soil series for statistical purposes, for surveys made of similar or neighboring 
areas several years apart may differ greatly in the number of series recog- 
nired. Or different men working in similar areas at the same time might 
easily interpret the same type of soil differently. % 

Although the nomenclature of the older survey’s is revised from time to 
time, and long lists of changes can be found in some of the publications of the 
Bureau of Soils, particularly Bulletin % (the last of its series), published about 
the middle of 1913, there seems to be no special incentive for keeping the 
revision always up to date, and indeed in many cases it cannot be done prop- 
erly vyithout re-examining the areas at considerable expense and subdividing 
some of the types as originally mapped into two or more. 

Unlike the similarly named, geological formations, the soil series names 
have not come into general use among scientists, so that they would be mean- 
ingless to persons not familiar with the publications of the Bureau of Soils; 
but possibly this will be changed with the lapse of time Soil series are also 
unlike geological formations in not having a fixed position in a linear series, 
which is another otatack to averaging them up in statistics. 

When texture classes alone are considered, regardless of series, most of the 
difficulties just mentioned are avoided. The texture classes can be arranged 
pretty well in a linear sequence, and their najpes (e.g., loamy fine sand, silty 
clay loam) are self-explanatory. The number of such classes is not likely 
to increase much, and although there will always be some uncertainties of 
identification, owing to the complete intergradation between different types, 
the errors will tend to balance when several surveys are taken together. 

Each soil survey of a county or similar area lists the various soil types in 
order of area and gives the approximate acreage of each, as well as indicating 
their distribution on the map, on a scal€ of an inch to the mile. A person 
familiar with the geographical boundaries, therefore, can apportion the dif- 
ferent soil types among the respective regions and compute the percentage of 
each with reasonable accuracy, (This has already been done in a general way 
for the whole United States and its larger divisions on pages 9-10 of Bulletin 
96 of the Bureau of Soils, and in more detail for the state of Virginia in Bulle- 
tin 46 of the United States Department of Agriculture published a few months 
later.) 

In these two government publications each of the larger divisions, like the 
Piedmont region and the coastal plain, is assigned a different set of series 
names, so that one can pick out the soils of each division pretty well without 
looking at the maps; but in this paper the divisions used are considerably 
smaller, and where a county includes parts of two or more of the divisions 
careful scrutiny of the map is required. When the areas of all the soils 
mapped in a given region are determined (it took about three days of steady 
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ft°. 1. Map Showing the Regions Described Herein, and also the Principal Rivers 
and Cities, to Illustrate their Relations to Some op the 


Geographical Boundaries 

Region 17, 19 lad 20, whose names are omitted from the map for lack of space, are the 
Mobile debt, the Knox HOI country, and Holmes Valley. 
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work to cover Alabama) they can be grouped together by texture classes, or 
by series if desired, and the percentages calculated. 

The geography of Alabama and the northern part of Florida has been 
described by the writer in reports on forests published by the geological 
surveys of those states in 1913 and 1914, respectively, and the map used here- 
with shows very nearly the same geographical boundaries that were defined in 
those reports. 3 Some of these boundaries are so sharp that the transition 
from one region to the other is complete in less than a mile, but they have 
not all been located at a sufficient number of points to be mapped with per- 
fect confidence. In some cases the boundary, though sharp enough, is too 
intricate to be drawn accurately on a map of this scale, and must therefore 
be generalized, as a topographic contour would be under the same circum- 
stances. In other cases the transition from one region to another is so gradual 
that different persons might differ by a few' miles in locating the boundary. 
On the present map no distinction is made between the well-defined and the 
indefinite boundaries, but some information on these points may be gathered 
from the geographical re[>orts just mentioned, and from some of the soil 
surveys. One of the least satisfactory boundaries at the present time is that 
between the lime-sink region and the southern pine hills, principally because 
of lack of opportunity to trace out all its sinuosities. But fortunately this 
uncertainty d<>cs not materially affect the soil statistics, for these two regions 
do not differ as much in soil as they do in topography. Tw r o divisions of the 
central pine licit of Alabama that were kept separate in 1913 are here combined, 
because their differences are mainly geological, and it is almost impossible to 
separate them by their soils alone. 

Brief sketches of the geographical divisions now* follow, beginning with the 
northernmost. The first seven belong to the highlands, or mineral region, 
and the rest to the coastal plain. The descriptions are on the following plan: 
area in Alabama and general distribution elsewhere, geology, topography, 
principal series and classes of soils in order of area, percentage of evergreens 
in the forests, commonest native trees in order of abundance, percentage of 
improved land in 1880, and the expenditure for fertilizers in 1909 per acre of 
improved land in 1910. The relative extent of the different soil series is not 
considered very important, for reasons previously mentioned, but may be 
of interest to persons familiar with the government classification, and to 
others who can easily remember some of the more important series, such as 
the reddish clayey “Orangeburg,” the yellowish sandy “Norfolk,” and the 
black mucky “Portsmouth.” 

The statistics of vegetation and agriculture are given as a contribution 
toward correlating such features with soil texture. Those who have investi- 
gated soils from a chemical standpoint have long known that deciduous trees 

1 A similar but less detailed map of .Alabama aod some of the same agri cultural statistics 
were used by tbc writer in the Proceedings of the Society of American Foresters, vol 11, 
p. 208-214, 1916. 
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in general and certain species in particular characterize the richer soils, ami 
also that the more fertile the soil the larger proportion of it is cultivated and 
the less the expenditure for fertilizers. 1 And regardless of chemical composi- 
tion, the soils of finest texture are generally the most productive, except that 
the clap and mucks are often inferior to the loams and silt loams, on account 
of imperfect aeration. 4 The vegetation statistics are taken with slight modi- 
fication from the geographical reports cited. The statistics of improved land 
are computed from the 1880 census because that was more accurate than any 
earlier one, and because after that differences in original fertility were Ixring 
overcome more and more by the use of fertilizers. The statistics of fertilizer 
consumption have been computed from the 1910 census, l>ceause that is the 
latest. 

In these regional sketches, and also in the table following ihem, some soil 
classes which do not differ much are lumjicri together for the sake of sim- 
plicity, e.g., rock outcrop and rough stony land, stony, gravelly and chert v 
loam, shale and slate loam, and swamp, muck, and meadow. 6 

THE REGIONS 

1. The “barrens” of the Tennessee valley, a continuation of the High- 
land Rim of Middle Tennessee, cover about 8(X) square miles in Alabama. 
The geological formation Is mostly Keokuk chert, of Mississippi age, with 
strata horizontal or nearly so. The soils are mainly grayish or yellowish. The 
topography is comparatively level except in the vicinity of streams, which 
have cut valleys proportional to their size. The whole area in Alalia ma is 
covered by three soil surveys, in which the soils arc referred mainly to the 
Clarksville series, with small amounts of Decatur, Hagerstown, etc. Silt 
loam, stony and gravelly loam, and clay loam cover alxiut 99 per cent of the 
area. Silt loam is relatively more abundant here than in any other part of 
the state. 

About 30 per cent of the foresfis evergreen. The commonest trees arc 
short-leaf (loblolly) pine, red oak, sweet gum, short-leaf pine, oak, 
willow oak, and beech. About 25 per cent of the area seems to l)c cleared 
at present, and the annual expenditure for fertilizers probably does not exceed 
50 cents an acre, though no accurate statistics can be given for such a small 
area, which does not cover the whole of any county. 

•See Harper, R. M. Vegetation and soils, In Science, n. vol. 42, no, 1084, p, 500- 
503. October 8, 1915. 

4 In this connection see Cannon, W. A., and Free, K. E. The ecological significance of 
sofl aeration. In Science, n. s., vol. 45, no. 1156, p. 178— S 80. February 23. 1917. 

•In the Bureau of Seals publications from the beginning the term “meadow” has been 
employed regardless of ordinary usage to designate almost any land subject to overflow 
from «m»n streams, whether it bears meadow vegetation or not (in the South it is usually 
wooded). But many soils which in the earlier reports were called simply Swamp or Meadow 
are now assigned to definite series and texture classes, so that the percentage of swamp 
bod as determined from the soil surveys b only a rough approximation. 
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1 . The Tennessee valley proper lies on both sides of the Tennessee River, 
and has an area of about 4100 square miles in Alabama, to which this par* 
ticular type of country is chiefly confined. The greater part of the area is 
underlaid by horizontal strata of Mississippian (Subcarboniferous) age, but 
at the southeastern edge there i? a long straight narrow valley of folded and 
faulted Ordovician and Silurian rocks, very similar to the Coosa valley de- 
scribed farther on. Much of the rock is limestone, and the soils are prevail- 
ingly reddish. The central part of the area is comparatively level, but near 
its edges are many ridges and rocky slopes. The greater part is now covered 
by soil surveys. The leading soil series are ttie Clarksville, Decatur, Hun- 
tington and Hagerstown, and the texture classes silt loam, stony and gravelly 
loam, clay loam, loam, rock, silty clay loam, and fihe sandy loam. Evidently 
there is not much contrast in soil texture between this region and the preced- 
ing, but the vegetation and agriculture seem to indicate considerable 
chemical difference. 

Alxmt 16 |)cf cent of the original forest was evergreen. The commonest 
trees at present seem to be cedar, sweet gum, loblolly pine, red oak, scaly- 
l)ark hickory', sycamore, willow and beech. About 30 per cent of the area 
was “improved’’ in 1880. and the average expenditure for fertilizer in 1909-10 
was about 2S cents an acre. 

3. The plateau region, a continuation of the Cumberland plateau of 
Tennessee and Kentucky, covers about 3100 square miles in Alabama, where 
most of it goes by the name of Sand Mountain, Erosion has isolated several 
mesa-like outliers, of which Lookout Mountain is the largest. The rocks are 
nearly all sandstone of the lowest Coal Measures, and the strata are essentially 
horizontal. The surface is comparatively level for a mountain region, but 
stands several hundred feet higher than the valleys on either side, making it 
somewhat difficult of access. Most of the area has been covered by soil 
surveys, and about 98 per cent of the soils, not counting rock outcrop, are 
referred to the DcKalb series (named for DeKalb County, Alabama). The 
prevailing soil classes, are fine sandy loam, sandy loam, rock, stony loam, 
loam, and silt loam. There is more fine sandy loam here than in any other 
of the highland regions. 

About 45 per cent of the forest is evergreen. The commonest trees are lob- 
lolly pine, short-leaf pine, post oak, red maple, poplar, sweet gum, cliff pine, 
white oak, chestnut oak and dogwood. Only about 8 per cent of the land was 
cultivated in 1880, and in 1909-1910 the farmers spent about a dollar an 
• acre for fertilizers; all of which indicates soils below the average in fertility, 

4. The aval basin region covers about 3300 square miles, and does not 
extend into any of the neighboring states. The rocks are a little younger 
than those of the plateau, more shaly, and more folded and faulted in some 
places. The topography is more dissected, mainly on account of the rods 
being softer. The prevailing soil series are DeKalb and HanceviBe, and the 
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texture classes silt loam, shale loam, fine sandy loam, very fine sandy loam 
and stony loam. Shale loam is more abundant here than in any other part 
of the state. 

About 40 per cent of the trees are evergreen, Tlie commonest species are 
loblolly pine, cliff pine, short-leaf pine, beech, long-leaf pine, red oak, white 
oak, sweet gum, red maple, post oak, poplar and dogwood. Only aU>ut 10 
per cent of the area was cultivated in IMHO, anti even now coal mining employs 
about as many people as farming. The cxjxmdUure for fertilizers in 1909- 
1910 w*as about 75 cents anaacne. 

5. The Coosa valley, the southwestern extremity of the great Apjralachian 
valley, which is over 1000 miles long, includes alxrut 4000 square miles in 
Alabama, more or less interrupted by outliers of the neighboring mountain 
regions. The rocks are all Paleozoic, mostly older than Carlxmiferous, and 
nearly everywhere folded and faulted, making many narrow longitudinal 
ridges and minor valleys. Both limestone and sandstone arc common, The 
principal soil series as mapped arc Clarksville, Decatur, Huntington, Port 
Payne,* anfi Hagerstown, and there are at least a dozen others. Gravelly 
stony and shale loams make up nearly half the total, and next in importance 
are loam, silt loam, day loam, clay, and fine sandy loam. ThisTegion leads all 
the rest in stony loam and loam, and all the other highland regions in clay. 

Evergreens make up about 45 per cent of the forest. The commonest trees 
seem to be loblolly, long-leaf, and short-leaf pines, sweet gum, post oak, 
red oak, black-jack oak, poplar, red maple, white oak, water oak ami willow 
oak. About 20 per cent of the land was improved in 1880, and 64 cents an 
acre was spent for fertilizers in 1909-1910. 

6. The Blue Ridge is represented in Alabama by a narrow strip trending 
northeast-southwest, and a few outlying ridges and peaks, prolrably not over 
400 square miles in all. The rocks are pretty old and highly metamorphosed, 
and mostly siliceous. The topography is typically mountainous, and we 
find here the highest mountain in the state, Chcaha, 2400 feet aJxn’c sea-level. 
Most of the area is covered by soil surveys, and the soils are referred chiefly 
to the TaMadega 7 and DeKalb series. The leading texture classes are slate 
loam, rough stony land, gravelly and stony loam, and silt loam. The first 
two are relatively more abundant here than in any other part of the state. 

About half the trees are evergreen, and the commonest ones are long-leaf 
pine, short-leaf pine, black-jack oak, black oak, loblolly pine and chestnut 
The area is too narrow for census statistics, but there is very little agri- * 
culture, on account of the rough topography. 

'Named for Fort Payne, Alabama, which is is this region; but most of the original Fort 
Pa?ne sods in Alabama are sow referred to the Clarksville series. 

'This is one of the few cases where the soil series name corresponds with the geological 
fooaatioB name. 
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7. The Piedmont region covers about 5000 square miles in Alabama t and 
extends northeastward to Pennsylvania. Its rocks are metamorphic or 
crystalline, and largely granitic. The topography is everywhere hilly, and 
there is running water on practically every square mile. About half the soils 
are referred to the Cecil series, and next in importance are the Louisa, Con- 
garec and Talladega. The leading types are sandy loam, stony loam, slate 
loam, clay loam, loam, stony and gravelly sandy loam, and fine sandy loam. 
Some shade of red is the prevailing color, and minute flakes of mica are very 
characteristic. There is more sandy loam and# more swamp than in any of 
the regions previously described. 

About 45 per cent of the present forest is evergreen. The commonest trees 
seem to be long-leaf, loblolly and short leaf pines, sweet gum, black-jack oak, 
poplar, red oak, jmst oak, red maple, bay and dogwood. About 24 per cent 
of the acreage was cultivated in 1880, and thirty years later the farmers were 
spending 95 cents an acre annually for fertilizers. 

8. The innermost division of the coastal plain in Alabama is the short-leaf 
pine l>elt . Including the F.utaw licit (which was separated before) it covers 
alx)ut 6600 square miles in Alaljama, and extends northwestward across 
Mississippi into Tennessee. It is underlaid by clayey non -calcareous Cre- 
taceous strata of the Tuscaloosa and Kutaw formations, and is moderately 
hilly and well watered. At least 10 different soil surveys touch this region, 
and about twenty soil series have been distinguished, of which the principal 
ones are the Orangeburg Guin, Norfolk and Ruston. The leading texture 
classes are fine sandy loam, sandy loam, gravelly sandy loam, loam and 
gravelly loam. 

About half the trees are evergreen. The commonest are oblolly, short- 
kaf, and long-leaf pines, sweet gum, bay, water oak, poplar, beech, willow, 
post t^ak, white oak, red maple, dogwood, willow oak*and cypress. The oils 
seem to lx a little below the average in fertility, for only 16 per cent of the 
area was “ improved" in I88Q, and the expenditure for fertilizers in 1909-1910 
averaged 75 cents an acre. 

9. The central long-leaf pine hills, about 850 square miles in extent, are 
surrounded by the short-leaf pine belt, and might be treated as a high and dry 
extreme of it. The underlying strata are of the Tuscaloosa formation, and 
composed of day, sand and pebbles in varying proportions. It is a high and 
rather hilly region, almost mountainous in places, with many creeks and 
branches. It has been completely covered by soil surveys, but one of those 
is so old that it does not give much detail. The soil series recognized are the 
Orangeburg, Susquehanna, Norfolk, Guin, Ruston, and one or two others, 
and the leading types are sandy loam, gravelly sandy loam, gravelly loom, 
loamy sand and fine sandy loam. The first four are more prevalent here 
than in any other part of the coastal plain in Alabama. 

Evergreens make up about 60 per cent of the forest. The commonest trees 



SOIL CENSUS OF ALABAMA ANI) WEST FLORIDA 


99 


arc long-leaf pine, loblolly pine, black-jack oak (two kinds), short-leaf pine, 
turkey or upland willow oak, bay, red oak, red maple, poplar, and dogwood. 
The region does not cover as much as half of any one county, sd that no agri- 
cultural statistics are available, but probably not over 15 per cent of it is 
under cultivation even yet, on account of the rough tn]x>gruphy and rather 
poor soil 

10. The black belt or central prairie region, covering alxmt 4500 square 
miles in Alabama, is one of the most distinct and sharply defined divisions of 
the coastal plain. It has notounlerjsm farther east, hut extends northwest- 
ward across Mississippi, and reappears in Texas. It coincides almost exactly 
with the area of the Selma Chalk or Rotten Limestone, one of the Cretaceous 
formations. Most of the soil is some shade of gray. The topography is 
undulating, not very hilly, and water is rather scarce, as in many other fertile 
and calcareous regions. The summers am drier here than in any other part 
of the coastal plain of Alabama, a fact which may have some bearing on the 
soil conditions.* 

The soil^iave been referred to alxrnt twenty scries, of which the most ex- 
tensive are the Houston, 9 Norfolk, Orangeburg, Susquehanna, Okliblxiha, 
Waverly, Yazoo, Ocklocknee, and Trinity. Over half the soil is classed as 
clay, and over one-fifth as fine sandy loam. The only other lyjjc making 
ov^r 3 per cent of the total is loam. 

A part of this region, possibly 10 per cent, was treeless when first discovered. 
About 30 per cent of the trees in the remaining forests arc evergreen, but this 
figure decreases northwestward, with the drier summers. The commonest 
species seem to be loblolly pine, sweet gum, post oak, short-leaf pine, 
long-leaf pine, red oak, hackberry, willow oak, cedar, cottonwood, willow, 
elm and sycamore. About 45 per cent* was cultivated in IHK0, and only 35 
Cents an acre was spent for fertilizers in 1909-1910, indicating soils alx>ve the 
average in fertility, for the coastal plain especially. 

11. The Chunnennuggee Ridge, or blue marl region, is chiefly confined to 
Alabama, where it covers about 2300 square miles. It is underlaid by marly 
5trata of the Ripley formation (Upper Cretaceous), and has a moderately 
hilly topography, with more streams than the black belt. The soil series 
We Norfolk, Susquehanna, Orangeburg, Ruston, Kalmia, and nine or ten 
others, and the principal texture classes are sandy loam, fine sandy loam, 
sand, clay, fine sand, meadow, etc. 

•See Geol Surv. Ala., Monog. 8, p. 19, 24 (footnotes). 1913. 

* This series name was first used in the reports on Perry County, Alabama, and the 
"Brazoria area," Texas, about 14 years ago, and is apparently derived from Houston, 
Texas, which is in a region quite different geologically and topographically from the black 
bdt of Alabama and Mississippi (which however does have a counterpart in the interior of 
Texas). If it should ever seem desirable to separate the soils of the undulating Cretaceous 
Hack belt from those of the level Neocene coast prairie an appropriate name would be 
Noxubee, which is the name of a large creek in the black belt in Alabama and Mississippi 
“d of a county in Mississippi. 
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About 45 per cent of the trees are evergreen, and the commonest species are 
loblolly, long-leaf and short-leaf pines, sweet gum, spruce pine, bay, post 
oak, red oaf, water oak, poplar, and willow. This too is a more fertile 
region than the average of the coastal plain, and about 40 per cent of the 
area was classed as improved land in 1880. The expenditure for fertilizers in 
1900-1910 was 79 cents an acre. 

12, The post-oak llatwoods is a peculiar region almost confined to Alabama 
and Mississippi, and covering about 335 square miles in Alabama. It is 
underlaid by one of the oldest of the Kocene formations, a grayish non- 
calcareous clay at the surface, passing downward, in some places at least, into 
a sort of black shale. The topography is comparatively level, as the name 
implies, and streams are scarce. Only one of the Alabama soil surveys touches 
this region, and that (Sumter Co.) was published about 12 years ago. But the 

* adjoining county of Noxubee in Mississippi, surveyed six years later, has been 
combined with it here to make the statistics more accurate. The prevailing 
soil scries art the Lufkin, 10 Norfolk, Pheba, u Orangeburg, and Waverly, and 
the texture classes fine sandy loam, day, clay loam, loam, sai^y loam and 
silt loam. There seems to be proportionately more day loam and loam 
here than in any other division of the coastal plain. 

About 45 per cent of the trees are evergreen. The commonest are loblolly 
and short -leaf pine, post oak, sweet gum, red oak, water oak, willow oak and 
beech. The region is too narrow Jo apply census statistics to, but it is not 
cultivated much, on account of the “cold” stiff clayey soil and the scarrity 
of good water. 

13. The southern red hills is one of the largest divisiohs of the coastal 
plain, extending from South Carolina to Mississippi and reappearing farther 
west. It covers about 8000 square miles in Alabama. *The underlying 
rocks are Kocene, but most of the surface material is a reddish sandy clay 
which may be of much later age. The topography varies from nearly level 
to hilly and even mountainous. (The “mountains” extend from Monroe 
County northwestward into Mississippi, and are high enough to be pierced 
by a railroad tunnel in each state, apparently the only tunnels in the whole 
coastal plain.) Streams are common, most of them bordered by swamps. 
About fifteen soil series have been recognized, of which the principal ones- 
are the Orangeburg, Norfolk, Susquehanna, Greenville, 11 Kalmia, and Rustoo. 
By texture the soils are classed as fine sandy loam, sand, sandy loam, fine sand,, 
swamp, clay, etc. 

Evergreens are estimated to make 58 per cent of the forest The com- 
monest trees are long-leaf, loblolly and short-leaf pines, sweet gum, spruce 
pine, red oak, water oak, bay, magnolia and poplar. About 17 per cent of the 

11 Named for Lufkin, Texts. 

Named for Pbeba, Mississippi, which is in this same fi&twoods bdL 

° Named for Greenville, Alabama, which is in this region. 
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I uea was cleared in 1880, and thirty year* later the farmers were spending 
$1,20 per acre annually for fertilizers. 

14. The belt known as the lime hills extends from Wayne County, Missis* 
sippi, to Conecuh County, Alabama, and reapjwars in West Florida as the 
Marianna red lands. It covers about 1300 square miles in Alakima and 
450 in Florida. The underlying rock is chiefly limestone of Cppcr Koctne 
age, but the surface is largely red loam. The topography is moderately 
hilly, with a few caves and natural bridges, but with plenty of streams and 
few or no ponds. The soil series are Orangeburg, Norfolk, Greenville, 
Ruston, Susquehanna, Ocklocknee, and seven or eight others, and the tex- 
ture classes fine sandy loam, sandy loam, swamp, sand, coarse sandy loam, 
stony clay, etc. The last is more prevalent here than elsewhere in the coastal 
plain, and the same may be said of rock outcrop. 

The proportion of evergreens has been estimated at 44 per cent in Alaljama 
and 49 per cent in Florida. The commonest trees seem to be loblolly, long- 
leaf, short-leaf and spruce pines, sweet gum, red oak, beech, magnolia, bay, 
dogwood, cfdar, water oak, black-jack oak, white oak and cypress. No 
agricultural statistics are available, on account of (he narrowness of the area, 
but agriculture has long been the leading industry. 

15. The lime-sink region extends from Covington County, Alal>ama p and 
Walton County, Florida, northeastward a!x>ut to the Savannah River, and 
covers about 1300 square miles in Alabanta and 1600 in Florida. The under- 
lying formation is limestone of the Vicksburg formation, more or less siliciflcd 
and nearly everywhere covered with later clays and sands. The topography 
is comparatively level, and diversified by many shallow ponds and a few 
lime-sinks. Streams are not abundant, much of the drainage being sub- 
terranean. Thefe are only two soil surveys for this region as yet (Coving- 
ton County, Alabama, and the “Marianna area,” Florida), and both of 
those include parts of two or more other regions, so that wc are not in a posi- 
tion to give very accurate statistics of the soils. Over half are referred to 
the Norfolk series, and the rest are Tifton, Myatt, Kalmia, etc. Fine sandy 
loam, sandy loam, swamp, sand and fine sand make up about 99 per cent of 
the total. 

About 70 per cent of the trees are evergreen. The commonest trees are 
long-leaf pine (about 45 per cent), pond cypress, slash pine, loblolly pine, 
forked-leaf black-jack oak, black gum, turkey oak, bay, red oak, sweet gum and 
magnolia. Very little of the land, possibly 3 per cent, was classed as "im- 
proved” m 1880, but by 1910 about 26 per cent was cultivated, with the aid 
of about $1.40 worth of fertilizers per acre per year. 

16. What may be called the southern pine hills extends from near the 
Savannah River in Georgia with some nterruptions to Louisiana, and coven 
about 5000 square miles in Alabama and 3800 in West Florida. Within a 



102 


ROUND M. HARPER 


lew hundred feet of the surface there are only unconsolidated non-c&lcareous 
sandy and clayey strata very similar to those of the central pine hills, but of 
much later age, probably not older than Miocene. The topography is hilly 
or undulating to flat, with running water on nearly every square mile, and 
many shallow jxjnds besides. Very few of the ponds are deep enough to hold 
water throughout the year. 

The soils have been referred to about twenty series, of which the Norfolk 
covers over half the area. Next in importance are the Ruston, Orangeburg, 
Kalmia, Tifton, and Myatt. The principal texture classes are fine sandy 
loam, sand, sandy loam, fine sand, loamv sand and swamp. 

The proportion of evergreens has been estimated at 74 per cent in Alabama 
and 76 per cent in Florida. There is more long-leaf pine than all other trees 
combined, and where undisturl>ed by lumbermen it forms beautiful open 
park-like forests, with very little underbrush. Other common trees, growing 
mainly in swamps and ponds or on sandy ridges, are slash pine, forked-leaf 
black-jack oak, loblolly pine, bay, pond cypress, turkey oak, and black gum. 

The development of agriculture in this region has been rapid in recent 
decades. The improved land jumped from about 1 per cent in 1880 to 8 per 
cent in 1910, This increase would have been impossible without the aid of 
fertilizing materials from the mines of Florida, Germany, Chile, etc., the ex- 
penditure for which increased from 95 cents an acre in 1879-1880 to $2.09 in 
Alabama and $2J3 in Florida in 1909-1 910. u 

17. The Mobile delta comprises the sw'amps of the Mobile and Tensaw 
Rivers (continuations of the Tombigbee and Alabama) within the influence 
of tide-water, an area of about 300 square miles. This delta is long and 
narrow, and occupies what appears to be a “drowned valley” in the pine 
hilts. Its lower extremity at present is just about opposite the dty of Mobile, 
ami is slowly moving seaward, but will hardly reach the Wmth of Mobile 
Bay for several thousand years. The whole area is inundated almost every 
spring by muddy waters earning the cream of the soil from an area of about 
40, (XX) square miles in Georgia, Alabama and Mississippi, some of which is 
very The Apalachicola River has a similar but smaller delta, shown 

on the soil map of Franklin County, Florida, but it is mainly on the east side 
of the river, in Middle Florida, and has not been counted in the following 
statistics. The Mobile delta is nearly covered by the soil surveys of Baldwin, 
Mobile, and Clarke Counties, Alabama, in which nearly half its area is classed 
as Swamp, and the rest chiefly as “Ocklocknee 14 clay” and “Ocklocknee silt 
loam.” 

13 For a discussion of the influence of imported fertilizers cm agriculture in the pine lands 
see Jour. Geogr, vot. 15, p. 42-48. October 1916; and Geogr. Rev., vol 2, p. 366-367. 
November. 1916. 

u This series name, derived from the Ocklocknee River of Florida, which rise! among 
the pine hills of South Georgia (where it is spelled Ochlocknee) ahd is seldom muddy, does not 
seem very appropriate for the alluvium of large rivers that are always muddy. 
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About 13 per cent of the trees are evergreen. The explanation of the oc- 
currence of any evergreens at all in such fertile soil is prolvahly that lack of 
aeration limits the availability of the potassium compounds, ami thus com- 
pels some of the trees to economize by keeping their leaves more than one 
season. The commonest trees seem to 1* black gum, cypress, hay (this is 
the commonest evergreen, chiefly toward the lower end of the delta, where the 
seasonal fluctuation of the water is at a minimum and therefore the aeration 
of the soil least), willow, sweet gum, red maple, and cottonwood. There is 
no agriculture except perhaps at the extreme edges of the swamps. 

18. The Gulf coast strip is a narrow belt of islands, dunes and marshes 
along the coast from Middle Florida to Mississippi. Alnmt 65 }**r cent of 
its area is clas^d in the soil surveys as coastal beach, sand-hill, etc., and 27 
per cent as tidal marsh. Alx>ut 80 per cent of the tries arc evergreen. The 
commonest are spruce pine (a different sjtfdes from the one in the interior 
of the coastal plain), long-leaf-pine, slash pine, live oak (two species), forked- 
leaf black-jack oak, turkey oak and cedar. There is practically no agriculture. 

19. The Knox Hill country is an area of ,il#>ut 50 square miles lying be- 
tween the lime-sink region and the pine hills in Walton County, Florida. 
Its geology is not well known, but the underlying formations are 1 relieved 
to be at least in part Miocene. It is a region of reddish dayev hills and 
running water, strongly resembling some parts of the central short-leaf pine 
belt of Alalama. In some places the soil is so clayey that the roads have 
to be surfaced with sand or poles, which is very unusual in Florida. There 
is no soil survey for this region vet, but much of the soil wnuld prolrably Ijc 
called “Orangeburg fine sandy loarrT or something of the sort. 

A majority of the trees are evergreen, and the commonest species arc lob- 
lolly pine, short-leaf pine, red oak, long-leaf pine, dogwood, magnolia, sweet gum, 
holly, spruce pine, beech, white oak, bay, black-jack oak and black gum. Agri- 
culture has been an important industry here for nearly a century. At pres- 
ent probably not more than 25 per cent of the area is under cultivation, but 
the cultivated acreage is said to have been larger before tin; Civil War, when 
commercial fertilizers were unknown, and farming in Florida was confined to 
the few areas of naturally fertile soil. 11 

20. Holmes Valley is an area of 25 or 30 square m les lying between the 
lime-sink region and that next to be descried, in Washington County, 
Florida. It resembles the Knox Hill country in being a red hill region sur- 
rounded by sandy pine lands, but differs in having less running water and 
coarser and less clayey soils. The soil is evidently quite fertile, however, for 
most of it is or has been cultivated; and in the sixth volume of the Tenth 
Census (page 225) Dr. Smith cites a case where a tract of land in this region 
wa* producing neariy a bale of cotton to the acre in 1880 after being culli- 

** See Gcogr. Rev., vol 2, p. 363. November 1916. 
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vated for thirty-five years, without fertilizers. From the abundance of 
sweet gum, which is common in some known phosphatic soils, it is reasonable 
to suppose that the soil of this region is well supplied with phosphorus, though 
neither physical nor chemical analyses arc available yet. 

Evergreens are less abundant here than in the preceding region, and perhaps 
not in the majority. The commonest trees seem to be loblolly pine, sweet 
gum, long-leaf pine, black gum, dogwood, bay, beech, water oak, white oak, 
magnolia, red oak, post oak and hickory. 

21. The West Florida lake region has an area of perhaps 350 square miles. 
Nothing definite is known about its geology, the surface being almost com- 
pletely covered with sand. The surface is comparatively level except for 
being pitted with numerous approximately circular depressions from several 
to a few r hundred acres in extent, most of them containing lakes which never 
dry up. 

A part of the region is included in the soil survey of the “Marianna area,” 
and the prevailing soil is classed as “Norfolk sand.” About 75 per cent of 
the trees are evergreen, and long-leaf pine and forked-leaf black-jack oak 
constitute the bulk of the forest. No census statistics are available, but there 
is very little agriculture yet, on account of the very sandy soil. 

22. The Apalachicola flat woods region extends from Bay County to Wakulla 
County, Florida, just back of the coast strip, and about 1200 square miles* 
of it lies in West Florida. No geological formations older than Pleistocene 
are known here, and the soil is nearly all sand, where it is not covered by 
peat, muck or something else. The surface is nearly everywhere flat and 
damp. The soil survey of Franklin County, Florida (published last fall), 
covers part of this region, and although that county is mostly in Middle Florida, 
there is no reason to suppose that its soils are not equally typical of the West 
Florida portion. 

The principal soil series are Hyde, Plummer, Norfolk, Portsmouth, and 
Leon, and the texture classes fine sand, swamp, loamy fine sand, etc. There 
is more fine sand here than in any region previously described. About 75 
per cent of the trees are evergreen, but this figure would be higher if the 
Apalachicola River swamps were excluded. The commonest trees are long- 
leaf pine, pond cypress, slash pine, black pine, bay, black gum, sweet gum 
and red maple. Less than 3 per cent of the area is under cultivation. The 
expenditure for fertilizers in Franklin County in 1909-1910 was about a dol- 
lar an acre, but it would be much greater if anything more than a few of the 
richest spots were cultivated. * 


STATISTICS 

The following tables show the percentage of each type of soil in each of 
the regions above described, except some of the smallest oiks, for which no 
statistics are available. One table is for the highlands and one for the coastal 
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pfaun, and the averages are given for each of ihesc major divisions as a whole, 
fa each table the highest figure in each row is printed in heavier type, to show 
what classes of soil are more abundant in a given region titan in any other. 
The percentages are given only to the nearest integer, to sa\* space and also 
to avoid making them appear more accurate than the facts warrant. Per* 
centages below 0.5 are therefore represented by 0. The soil classes are ar- 
ranged approximately in order of texture, the coarsest first. 

At the bottom of each table the statistics of evergreens, improved land, 
and fertilizers already given are brought together, and also summarized for 
the two major divisions. 
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Some comments on these tables will be of interest. It is, of course, not at all 
surprising that rock outcrops should be far more extensive in the highlands 
than in the coastal plain, for the strata of the latter, being much younger, 
haw never been subjected to enough pressure from overlying materials to 
harden them into rock. What few rocks do occur in the coastal plain are 
chiefly the result of cementation of sand by iron oxide, or of deposition of 
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calcium carbonate by marine organisms. The only rock outcrop in the whole 
coastal plain of the United States reported in Bulletin 96 of the Bureau of 
Soils (page 301) is 3S4 acres of limestone in the “Marianna area,” Florida, 
and this forms the basis of the first figure in column 14. But the “Lauder- 
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dale stony day*' in the southern part of Clarke County, Alabama (not that 
in the northern part) is practically the same thing, and belongs to the same 
region ; and there are many rock outcrops too small to map in other divisions 
of the coastal plain. 
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Pure sand as a soil type is almost wanting in the highlands, but fairly com- 
mon in the coastal plain The various stony loams, silt loams, and day 
loams are common in the highlands, but scarce south of the central pine belt, 
while the sandv loams are naturally commonest southward. There is more 
pure clay s->il ip the coastal plain than in the highlands, a fact not easily 
explained in a few words. 

It has Vmg l>ecn known that swamjrs are more extensive in the coastal plain 
llian in the inierinr, but that fact has |)erhaps never U*en shown statistically 
l>cfort. Although the percentages for swamps cannot In* regarded as very 
accurate, for reasons given on an earlier jage, it is unquestionable that they 
are several times as prevalent in the coastal plain as in the highlands; a fact 
doubtless correlated with the “immaturity" of the topography, and also 
with the heavier summer rainfall toward the coast, which counterbalances 
the evaporation to a considerable extent. 

The evergreen percentages range from 13 in the Mobile delta to 80 in the 
coast strip, and average alnuit 52 for the whole area mapped. Hie highest 
percentage of improved land is in the black licit, and the highest cxjx*nditure 
for fertilizer in the southern pine hills. 

The correlations between evergreens, improved land and fertilizers are 
very significant, especially if we disregard those regions where agricult urdis 
undeveloped on account of rough tojjography or periodical inundation, or 
better still, consider only the two major divisions, thus eliminating local 
irregularities. The highlands, having richer and finer soil on the average 
than the coastal plain, have relatively more deciduous trees and more im- 
proved land, and spend less for fertilizers. T he difference in the amount of 
unproved land is less now than it was in 1880, however, for the increasing 
consumption of fertilizers tends to obliterate original differences in soil 
fertility. 
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Samples of soil for bacteriological examination arc generally obtained by 
digging a trench with a spade, sections b^ing then taken with a sterilized 
spatula from the vertical wall at the end of the trench. This involves a con- 
siderable amount of labor and inconvenience, especially when sub-surface 
portions are desired. Furthermore, on plots planted to crops, the trench 
method disturbs the soil mass in an objectionable way, j>arU*ular)y when 
samples are taken at frequent intervals. Thus when composite samples arc 
obtained to ensure a more uniform sampling and when these are taken six or 
twelve times a year, a method causing much digging over of the soil is 
feasible. 

For chemical and physical studies soil augers may often 1* used, the pro- 
cedure being to enlarge and clean the boring with the larger auger and sample 
with the smaller. But this method is not satisfactory for bacteriological 
studies as there is always more or less contamination of tHfe lower sections 
by the soil from the surface falling down into the boring. Moreover, it is 
impossible to remove the soil from the auger without exposing and contami- 
nating it. Bacteriological samples may be conveniently obtained from the 
surface layei only, using the apparatus described by Noyes in the Journal of 
the American Society of Agronomy (vol. 7, no. 5, p. 221 j. 

THE SAMPLER 

In order to obtain samples below the surface the author devised a sampler, 
the five parts of which are illustrated by longitudinal drawings in figure L 
C shows the surface shield, the upper flange, a, being 10 inches in diameter and 
i inch thick while the tube 6, is 4 inches long and has an inside diameter of 
2} inches. 

The sampling tube, A, is 3J feet long and has an inside diameter of 1} 
“tches. It is divided into two parts, a and b. Piece a (shown by B) is 
H inches long and has a point made so that the core slides easily up through 
the tube. The inner shoulder above the cutting edge is about } inch wide. 
T*ee a is attached to piece b by means of a bayonet, or groove and key joint, 
®*de so that it doses and tightens when the upper part of the tube is turned 
to the right. A slight twist to the left enables one to detach the lower 
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piece and remove the core of soil. The shoulders of this joint taper slightly 
into each other so as to come together and take up any looseness resulting 
from wear. 

Instead of the bayonet joint an ordinary pipe coupling union may be used, 
although it is not as handy or as easy to separate and to unite the two parts 
of the tube when this device is employed. 

The cleaning tube, D, lias an outside diameter that jiermits it to dip easily 
but snugly through the surface shield, C. Otherwise, the construction is 
similar to that of the sampling luU* except tluit the jxiint does not taj>rr In 
to obtain the cutting edge. This should lie avoided in order that particles 
of soil may not work up between the cleaning tulie and the surface shield in 
the process of sampling. Kach of the tulies is reinforced at tin* top with a 
flange inch thick and the handles are screwed through the llangc and the 
wall of the tube. The tulies may be laid off into the desired divisions, for 
nstance every 6 inches, by cutting shallow grooves in them with a lathe. 

In loose dry soil it is advisable to use the tamper, /% to tamp down the soil 
in the cleaning tube before removing it from the boring, thus making sure 
that the bottom of the boring is well cleaned and that no soil drops hack into 
it. In moist soils this precaution is hardly necessary. 

The material used throughout consists of a,good grade of too) steel, with the 
exception of wooden handles on the larger tube and the cylindrical wooden 
plunger of the tamper. 

METHOD OF SAMPLING 

To use the sampler the surface shield is first thrust into the ground. This 
prevents any of the loose surface soil from falling into the boring as it is made. 
The first or surface section is then taken with the sampling tulw (plate I, 
fig. 1). Only the small lower piece a (fig. 1, A) needs to lie sterile. It may be 
plugged with cotton and sterilized in a hot-air oven before taking it from the 
laboratory. For sterilization in the field alcohol is used. Contamination 
from above is prevented by inserting a cotton plug into the bottom of piece 
6 (fig. 1, B) and then flaming it. When a core of the desired length is in the 
sampler, piece a is removed by a slight turn to the left ami the core is allowed 
to slide out through the upper end into a sterile glass jar. In case one does 
not desire to disturb the core, the tube may be capped and similar tubes, pre- 
viously sterilized, used for the other sections. To obtain the next section 
below the Surface the cleaning tube is inserted, to clean and enlarge the bor- 
ing down to the desired depth, using the tamper (fig. 1, E) to compact this 
core in case it is too loose to remove completely without tamping. The 
sampling tube is then lowered into the enlarged boring, care being taken that 
its point does not touch the side walls. In this manner the desired number 
of sub-surface samples may be obtained. If composite samples are desired 
additional borings may be made over a given area, sections from a given 
depth bang added to the jar marked to receive them. 
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In sampling for chemical analysis the procedure is similar except that the 
apparatus need not be sterilized 

The sampler fits together conveniently and may be carried by means of a 
strap (plate I, fig. 2). Its total weight is about 12 pounds. A mechanic of 
ordinary ability should have no trouble in making one. It is giving satisfac- 
tory service in bacteriological investigations which are being conducted at the 
New Jersey Agricultural Experiment Station. 

An expression of appreciation is extended to Dr. J. G. Lipman and Prof. 
A. W. Blair for their kindly interest and constructive criticism. 


Pure I 

Fro. 1. Apparatus in position for taking the surface section. The arrow points to the 
Joint in the sampling tube. 

Flo. 2. Showing the relative siie of the tubes. 
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INTRODUCTION 

In former papers {6, 7, 9, 10) t the author has published results obtained 
from extensive investigations in determining the influence the reaction and 
basicity of the soil exerts uponits condition. He was able to state that this 
influence is very complicatetrand many-sided. He demonstrated that by 
detennming the above-named characteristics of the soil, comparatively cer- 
tain information as to the need for lime in the soil might be obtained. This 
is of especial interest for practical purposes, 

The methods used in the investigations mentioned above were largely 
qualitative. Despite this fact they have given reliable information as to the 
need for lime in the soil. The author, as indicated (9, p. 382), thinks that 
this is due to the fact that the need for lime in soil is not (as in the case of 
need for nitrogen, phosphoric acid or potassium), first of all determined by the 
amount of nutritive elements present in the soil in a form available for plants, 
but expresses a particular condition of the soil,— that is, the presence or absence 
of certain bask substances. 

The nature of the question is such, that methods for an accurate quanti- 
tative determination of the above-named characteristics of soils might in 
many instances give much interesting information. For the present we will 
limit ourselves to investigations of the need for hme. We find that by using 
the qualitative methods (add, litmus and Azotobader tests), known at 
present, we can determine whether or not the soil contains the necessary 
basic substances, but we can obtain only faint suggestions as to the degree 
of this need, and the supply of these substances. 

We must be careful not to overexaggerate the practical importance which a 
quantitative determination of the acidity or basicity of the soil might have in 
indicating its lime-requirement. We must remember that by treating lime- 
poor soils with chalk or marl, an attempt is made to give a surplus of lime 
sufficient for a number of years— in other words, a surplus of basic substances ; 
and that the more complete and expensive the experimental methods, the 
less the poss ibility for using them in practical work. Yet the information 
obtained by such quantitative methods will doubtless give far greater 
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insight into the complicated relationship between soil and lime, and will be 
of very special importance in research work on the influence exerted by lime, 
applied in varying amounts, upon the condition and productivity of various 
soils. 

I need merely mention the importance of the qualitative determination 
method in special research work on the influence of the acidity or alkalinity 
of the soil on its physical, chemical and biological conditions. 

During the past year the author has investigated one phase of the above- 
mentioned problem, i.c., determining quantitatively the acidity of the soil; 
and the results of the investigations brought to a temporary close are now 
submitted in the first main division of this paper. 

In the second main division is a series of comparative investigations of 
methods for making a qualitative determination bf the reaction of thesoil, 
and in connection with these some quantitative determinations of the ability 
of the soil to free acids from various salts. 

Prohably at some future time (and perhapytarting from other principles), 
I may have an opportunity for a renewed study of the entire complicated prob- 
lem of the determination of the reaction of soils. The results here presented 
arc but a modest contribution toward the solution of that problem. 

t. QUANTITATIVE DETERMINATION OF THE REACTION OF THE SOIL 

/. Methods for making a quantitative determination of the acidity of the soil 

The method hitherto used in the majority of cases for determining the 
degree of acidity in the soil, is the one recommended by B. Tacke (29), leader 
of the Moor-Experiment Station in Bremen. The method is particularly 
adapted to the investigation of huraus-soils. 

The principle underlying the method is to determine the amount of COj 
which a certain quantity of soil mixed with a surplus of calcium carbonate is 
able to free from this salt. 

As Tacke himself indicates, this method does not give absolutely constant 
or accurate results. The carbonic acid never wholly ceases to generate from 
the humus mixed with carbonates, a condition belie ved to be occasioned by 
"inner reactions" of humus stuffs taking place during the treatment. In 
order to strengthen this weakness in the method Tacke’s collaborator, H. 
Stichting (26, 27), has modified the method so that instead of making a di- 
rect determination of the carbonic acid freed by the action of soil adds on 
carbonates, a determination is made of the amount of carbonates left in the 
retort after reaction has taken place. A surplus of hydrochloric add is added 
to this remainder and the amount of carbonic add generated is determined 
in the usual way. The difference between the amount of carbonic add added, 
and the amount of carbonic add remaining in combination, gives us an 
expression for the acid content of the soil. 
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Stichting shows that this modification of Tacke's method gives gretlcr 
surety and accuracy than the original method, for the “inner reactions*’ of 
humus stuffs referred to above are here present in but very limited amounts. 
In both methods the rcdction takes place at ordinary room temprathre. 

In 1903, three Americans, Hopkins, Knox, and Pettit (17), published a 
method for determining the acidity of soils based upn the ability which add 
soils inter-reacting upon neutral salts have to free acids from them. In 1905 
the American agricultural chemists convened in Washington adopied this 
method as the one to lie used for the present when determining the acidity 
of the soil. The method proposed is as follows. 

One hundred grants uf soil an* plain] in a 400 it. retort am) reivcm) with so nint h of a 5 
per cent sodium chloride solution, that it, needier with the water contained in the Miil, 
yields 250 cc. of liquid. The rltort is placed in an agitator and shaken for three hours (or 
shaken by hand every half hour during a jxtriod of twelve hours). The mixture is filtered 
and the acid content of 125 cc. of the filtrate determined by titration with diluted NaOll, 
using phcnolphlhalein as an indicator, 

If for the 125 cc. of liquid^takcn from the retort an equal amount of a 
fresh sodium chloride solution is substituted and the above process followed, 
we find, according to investigations made by Hopkins and his collaborators 
that the next 125 cc. of liquid titrated contains alxmt two-thirds as much 
acid as the first portion, and that portion no. 3, contains two-thirds as much 
as portion no. 2, etc. From this constancy we are able to compute the factot 
with which the result of the first three titrations may be multiplied in order 
to express the absolute acidity. This factor is estimated to lx: alxiut 33 

Based on the determinations made according to this method, and the 
determinations as to the weight of soil per cubic measure, it is jx*sible to 
estimate how large an amount of lime will l>e necessary for neutralizing an 
acre of soil to a certain depth, and the above-mentioned scientists lake for 
granted that this amount expresses the lime-requirements of the soil. 

As Baumann and Gully (4) have later proved, thf ability of the m>U to 
free acid from salts of so strong an acid as hydrochloric acid is very limited, 
and these scientists therefore emphasize the fact that when it is a question 
of an approximately absolute determination of the ability of the soil to 
absorb bases, it is preferable to use salts of weak acids. Vcitch (32) has 
pointed out that the deduction made by Hopkins and his collaborators that 
a combination of sodium chloride solution with acid soil frees hydrochloric 
acid is incorrect, and that the acid reaction of the liquid is due to the 
formation of aluminum chloride. 

A similar method has been proposed very recently by the Japanese scien- 
tist G. Dmkuhara (12) who, however, instead of using sodium chloride solu- 
tion, used a 1/1 N solution of potassium chloride, for he pints out the fact 
lint the soil is able to absorb a far greater amount of potassium than of 

1 liter Hopkins (17), as a result of continued experiment*, prefer* to use factor 4 . 
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sodium. Using this solution the approximately absolute acidity of the aol 
may be computed by multiplying the first result of titration {see above) by 
the factor 3. 

It is especially interesting to note that Daikuhara confirms Veitch’s state- 
ment, that by a reaction between add mineral soil and a potassium chloride 
solution, aluminum (and in certain Instances iron) compounds will become 
soluble and too, that the amount of these substances corresponds very dosely 
to the amount of aikaiies used up in titration. Daikuhara therefore condudes 
that the acidity of mineral soils depends upon certain aluminum and iron 
compounds showing an add reaction for litmus and which are absorbed by the 
soil colloids. The above-mentioned compounds are insoluble in water. By 
treating neutral soils with aluminum or iron chlorides, and then washing 
them out, the soils were found to cause a strong gid reaction in a potassium 
chloride solution. 

To prove the correctness of this method for determining the add content 
of soils, Daikuhara has mixed three different acid soils with just that amount 
of carbonate of lime, which investigation has found necessfiry for neutralizing 
these soils. After the mixture had stood for a longer time, the acidity of the 
soil was again determined. The result showed that the soil spedmens be- 
came just neutral upon the addition of the computed amount of carbonate 
of lime. Furthermore, the author has arranged experiments in tubs with 
^arious soils and various plants, and he claims he has proved that the amount 
of lime necessary to neutralize the acidity of the soil corresponds very dosely 
with the amount most beneficial to the plants. A more detailed report of 
these experiments is promised. 

By means of the litmus test, and by examining ‘the effect of a neutral solu- 
tion of potassium chloride on the soil, Daikuhara has shown, that a very great 
quantity of acid mineral soils are to be found in Japan and Korea. 

The same year as Hopkins and his collaborators published their method, 
another American, V40tch (31, 32), proposed using lime-water in determining 
quantitatively the aridity of the soil. His method in brief is as follows. 

Of the given acid soil weigh off three equally large portions. To these apply vuio» 
amounts of the standard solution of lime— for instance, to the first portion 10 cc., to the 
second 20 cc, and to the third 30 cc Vaporise over a water-bath, and wash the vaporization 
remainder with the help of 100 cc, of distilled water into a Jena retort. The mixture should 
stand (shaken from time to time) until the next day. Then 50 cc of the transparent Squid 
over the precipitate (or of the filtrate) should be placed in a Jena beaker, a few drops of 
phenolphthakin solution added, and the liquid vaporised until it assumes a reddish color, 
or if this color does not appear, until it has a volume of 5 cc. 

After having roughly determined, by this method, how much lime is neces- 
sary to neutralize the soil, a more exact deter^piation of its acidity is made, 
and by varying the amount of lime-water added within narrow limits (for 
instance, 2 cc.) an attempt is made to determine the smallest amount of lime- 
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filer, which, when used according to the method described above, will bring 
about the characteristic red color reaction for phenolphthalein. 

The method is very detailed, requires much time and is therefore difficult to 
use when many determinations of the acidity of soils are to be made. Be* 
sides, it is not easy to determine the saturation-point with sufficient accuracy, 
and finally, warming the soil with an alkaline solution is a weakness in the 
method (see further p. 120). 

Yet Vritch’s method is wry generally used by American soil scientists, 
and the aridity of the soil, or what is considered the same- the lime-require- 
ment of the soil, is expressed by the amount of lime which a weight unit of 
ami may absorb, or when the results are to l * used by practical agriculturists— 
by that amount of lime which must be applied per acre in order to neutralize 
the top layer of soil. 

Quite similar to Veitch’s method is one recently published by H. B. Hutch- 
inson and K. MacLennan (18). Instead of calcic hydrate, a 1/50 N solu- 
tion of bicarbonate of lime is used. The authors descril>e their method as 
follows. 


To determine the acidity of the soil or its lime-requirement, place 10 to 20 grams of noil 
in a rtlort of 500 to 1000 cc. capacity, with 200 to 300 c c. of a r<J. 1 /50 N calcium bicarbonate 
solution. Remove the air in the retort by passing a carbon dioxide stream through it, thus 
making tore that no calcium carbonate will be precipitated during the analysis. Place the 
retort in an agitator and shake for three hours Filter the liquid. Of the filtrate lakc^ 
an amount equal to half the amount of cakium bic&rbonatc solution originally present. 
Titrate this with a 1/10 N add, using methyl orange as an indicator. The difference be- 
tween this result and the result obtained from titrating the liquid in its original condition, 
indicates the amount of lime absorbed. One cc. of 1/10 N acid correspond* to 5 mgm. of 
cakkm carbonate. 

The method 2 has two advantages over Veitch’s method: the reaction be- 
tween soil and lime occurs in an approximately neutral and un-heated solu- 
tion, and the work is more easily done. We have ag yet insufficient data 
for judging the importance of the method in determining the lime-require- 
ment of soils, but (as I shall indicate later), wc hardly dare take for granted 
that the ability of the soil to absorb lime determines the degree of its lime- 
wqnjrement. 

In 1909, R. Albert (1) in Greifswalde published the following method for 
making a quantitative determination of the aridity of the soil. 

To toil placed fn water add a definite amount of baryta- water and ammonium chloride. 
Drive off by boiling the ammonium freed by the action of the baryta-water on the tm mo- 
mma salt, and collect in a retort with diluted sulfuric add. A previous determination should 
have ben made of the amount of aomooium going into the retort when pure materials 
me used, and the d if fe re nc e b et w een this amount and the amount of ammonium freed after 


k Thot author*, too, take for gfsnted the quite general impression that the degree of 
the ability of the sofl to absorb lime a at the same time a measure tor the degree of its aridity 
•ad fei hmc- r e quii ea u ent— H. R. C. 
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soil lias liecn added measures the amount of baryta necessary f**r neutralizing the soil *rid»~- 
or expresses the aridity of the soil. 

Besides Inting much simpler and more easily carried out than the Tacke- 
Klichting method, this methorl claims the additional advantage of being able 
to express the measure of the basicity of the soil, for when basic soils are 
used, more ammonium Is freed than corresponds to the amount of baryta 
water used. 

J. A. Bizaclt and T. L. Lyon (5) who*also consider the determination of the 
power of the soil to absorb lime to be the l>est method for expressing quanti- 
tatively the lime-requirement of the soil, have recently attempted to better 
Albert's method. They heat the mixture of baryta -water and soil for an hour 
in a boiling water-bath More adding ammonium chloride and making the 
subsequent distillation. They have proved that the absorption of barium 
does not take place as quickly as Albert took for granted. Moreover, these 
scientists prove that soil heated with a pure ammonium chloride solution is 
able, to a certain extent, to free ammonium from this, but as the ability 
varies in the various soils, it is necessary in each case to correct the results 
obtained by distillation with baryta-water with that obtained by the 
named blind determination. 

As Sighting and Arndt (2S) have pointed out, the method used by Albert, 
and which at first glance appeared so attractive, is wrong in principle; for 
the strongly alkaline hydroxides (especially on the application of heat) de- 
compose the organic substances in the soil. Therefore, methods based on 
this principle cannot be used for making an exact determination of the acidity 
or liasicity of the soil. 

In the papers appearing in the two years 1909 (2) and 1910 (4), A. Bau- 
mann and his collaborator, E. Gully, basing their opinion oft results from 
modern colloidal chemistry as well as on their own wide researches, insist, 
especially in the case of sphagnum-peat, that it is incorrect to speak of acidity 
in general, for the add effects of that substance (for instance its ability to 
color litmus paper red), should be explained as surface effects (adsorption 
effects). In sphagnum-peat it is not a question of addity detenninatioa 
but merely of its power to adsorb bases (or what is the same thing — to free 
acids).* A go<xi expression of this power, according to Baumann and Gully, 
is to treat peat with a calcium acetate solution and determine the amount of 
add freed by the inter-action of these substances. 

As in the opinion of the above-named scientists, the freeing of acetic add 
is solely due to surface effects, this for the most part, quantitatively seen, 

* As I have shown in a previous paper (9) Baumann and Gully are not entirely right. 
In the electro- me trie measurements which the author of this present article in collaboration 
with J. Witt and X. Feilberg has made of hydrogen-^ concentration in mixtures of ttw 
sphagnum peat and water, a considerable number oe%fdrogen4ons were found present 
G. Fischer (IS) attained a similar result from electro- metric determinations of hydrog^EB- 
ion concentrations in various samples of sphagnum-peat from German bogs. 



DETERMINING THE REACTION OK SOU S 


12 ! 


wDl depend on the relative amounts of soil and calcium acetate solution used. 
An accurate expression for the absolute power to free acids will, therefore, 
be obtained only by varying these amounts. When, following the experi- 
ments of the above-named scientists, we use a limited amount of }>eat (3 
gm.) with a very large amount of concentrated calcium acetate solution, 4 
we obtain an approximately correct expression for the absc »lute power to free 
acids; for under these conditions possibilities have I wen brought about for an 
approximately maximum adsorption of the bast- of the salt named, and the 
results of the arid-determination* carried out in this manner seem to coincide 
very closely with the results of arid-determinations made with the use of 
diluted sodium hydroxide. 

In mineral soils, the use of solutions of acetates for acidity determinations 
has been proposed by Oscar Iak*w (20), who uses the following method. 

Fifty grams of air-dry pulveriard soil arc plain 1 in :» 200 .. neutral J \w t mil solution »f 
wvlium or potassium ace tale. The mixture should stand !*haUu. hovurwr from timi to 
time), for 24 hours in a normal room temjK* ratine. It is then filtered and of the filtrate 
100 ec. measured off for lit ration. 

By the help of this method, Locw claims that an approximate determination 
of the amount of lime necessary for neutralizing the soil can lie made. 

Ach. Gr£goire (IS) and his collaborators have attempted to determine 
the reaction of the soil by shaking it with a mixture of solutions of potassium* 
iodate, potassium iodide and sodium hyposuIfUc, proposer! by Kjetdahl in 
his acidi-metric determinations, and titrating the iodine freed in reaction 
with free soil acids with a sodium hyposulfile solution, using starch water as 
an indicator. By this method the authors have demonstrated that mineral 
soils may vary greatly in acidity. They mention the fart that silicic acid 
and zeolites do not affect the reagent, while, on the other hand, this is very 
sensitive to calcium bicarbonate. Sodium bicarbonate affects it to a very 
slight degree. 

Stutzer and Haupt (24) have applied this principle in the quantitative de- 
termination of the reaction of the soil, and give a detailed account of the 
method for such a determination. In another paper (25), the alme-mcn- 
toned authors draw attention to the fact that the application of the principle 
» limited, for iodine may also be freed by ferri*salts, cupri-salts, free chlorine, 
•odium hypochlorite, and— in the presence of acids— by oxidizing chemical 
combinations; for instance, peroxides, potassium permanganate and potassium 
bichromate. 

4 lo • Uter publication of E. Gully (16), it appears that in the experin*nta referred to 
fcre, U to the Ability of sphagnum-peat to free acids by means of the lime-acetate method, 
2 pias of air-dry peat has been used with 200 cc of 10 per cent solution of calcium acetate, 
a three-hour reaction time. _ 

la the article in which Baumann and GuDy (4) for the tint time present the idea of using 
c 4jiiai acetate in deterinimng the ability of sphagnum-peat to free add, nothing is said as 
to Ijkfcther the weight of peat used (3 grains), referred to fresh moist peat, or to dry peat 
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Finally we must mention J. G. Lipm&n’s proposal (19). In determining 
the acidity of the soil he uses a micro-biological method, based on the sen- 
sitiveness of certain bacteria to the presence of free adds in the substratum, 

A aerie* of equally Urge portions of 1 neutral bouillon ire measured off. In each place 
a different quantity of the toil sample under examination (for instance, 0J5 gram, 1 gram, 
3 grams, 5 grams, 10 grams). Sterilize all the bouillon portions, and when cool infect with 
the standard bacterium chosen [Bacillus mycoida or -BaciUus subtilu). After a certain 
length of time has elapsed, determine the degree of bacteria development in the bouillon 
culture by measuring the amount of ammonium found. If, for the sake of comparison, 
similar experiments are made with bouillon portions minus soil, in which the degree of 
acidity varies, due to the direct addition of varying amounts of add to each portion, it 
poarible—within a certain limit— to determine to what amount of add the devdopinent of a 
definite amount of ammonium by a definite quantity of soil corresponds. 

According to Lipman’s observations, the above-mentioned species of bacteria can de- 
velop in an acid content of up to 2 per cent of the weight of the bouillon. In these ex- 
periment* it is possible also to use Atoioboder with a manaite solution for their nourishment 

Lipman promises further accounts of experiments based on this principle, 
and not until these appear can we form a positive estimate of the value of this 
method for determining the acidity of the soil. However, since in addition 
to the aridity various other soil characteristics exert a great influence on the 
development of bacteria, and on the decomposition of the nourishment sub- 
strata already mentioned [see further Harald R. Christensen (9)), it would 
appear in advance that this method is not exact enough. Even could all 
such difficulties be eliminated, the results obtained— especially from the 
bouillon-culture — seem rather to express the hydrogen-ion concentration in 
the substratum than the absolute quantity of arid, for it appears to be the 
latter alone which determines the extent of the enzymatic decompositions 
(see further S. P. L Sflrensen (23)]. The necessity for sterilizing the bouillon 
portions after the soil has been added is a weakness in the method, in view of 
the chemical changes in the soil caused by heat. 

Without at this point going further into the discussion of the much disputed 
question of the existence of humus acids, the author wishes to express as his 
opinion, that in view of the results obtained from the chemical experimental 
methods described above, it is more correct to speak of acid-freeing fewer 
or base-adsorption power of the soil, than of the acidify of the soil To deter- 
mine this last-mentioned power, it will probably be necessary to use other 
principles, than those in general use at the present time. Possibly experi- 
ments with hydrogen -ion concentration will give valuable information in this 
connection, even though in agricultural soil analyses such determinations could 
scarcely Lake the place of determinations of the absolute acid content of the 
soil. 

In the investigations described below only those method* have been used 
which are able to express— more or less completely — the ability of the wfl 
to free acids from salts. .\s the method used by Baumann and Gully (4) (the 
acetate method) seemed to the author to be the simplest and most attractive 
of the methods hitherto proposed, particular emphasis has been placed a^oo 
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It fuller teat of tbe feasibility of adopting this method, and upon giving it 
•neb a form that it may be used under the greatly varying conditions in 
agricultural soil investigations. 

2. The use of the eakium acetate method i# determining the ability of the soil 
to free adds 

As various soil chemists, M. Fleischer (14), Baumann and Gully (4), and 
others have shown, the amount of add which a definite quantity of peat 
is able to free in a neutral salt solution is determined to a large extent by 
the relation between the amount of peat and the amount of salt solution used. 
In regard to the. freeing of acetic acid from acetates, Baumann and Gully 
(4, p. 125) have made absorption experiments using a 25 per cent solution of 
sodium acetate with fresh sphagnum, as well as with sphagnum-peat, and 
shown that this ability diminishes perceptibly when the quantity of these 
last-named substances is increased. 

My object is first and foremost to throw light upon the extent to which 
this relationship appears when the caldum acetate method is used with 
various soils. 

As mentioned before page 121, the absolute value of the ability to free 
adds is approached the more closely, the larger the difference between the 
amount of peat and of acetate solution used. However, as the determina- 
tion (titration) of the acid freed, may be made with the greater accuracy, the 
larger the amount, it is important not to make the difference too small, 
Closely connected with these investigations, others have been made as to 
the influence of the reaction-time on the freeing of acids, and finally as to the 
influence of air-drying on this ability, 

These investigations include both humus soils and ordinary field soils 
(mineral soils). 

The method used is as follows: 

Pbce tbe ioU when weighed off, in t retort of about 500 cc. rapacity and cover with ex- 
•rtly 300 cc. of caldum acetate xolution (1 gram of calcium acetate to 10 cc. of dUtillcd water), 
Cork the retort and shake from time to time during the entire react ton -period. When the 
P*»cribed length of time has elapsed, filter the solution and titrate (with 1/10 N sodium 
hydate) using pbcndphthikin u an indicator. 

In titration 50 to 100 cc. of the filtrate is used, preferably the former 
amount, as the change is the more distinct the smaller the amount of fluid. 
By titrating 3 or 4 portions from the same filtrate, and taking tbe average 
of the single titrations, even a very slightly acid content can be estimated 
with great accuracy. It is important not to use too much phenol phthalein 
a* the most distinct change appears when a relatively small amount (3 to 
4 chops of a 1 per cent solution) is used. Phenolphthalein causes precipita- 
te* in a calcium acetate solution, and therefore the change of color is not so 
( Bsrimt as when (for mstanix) sulfuric acid is titrated. Dropping with 
hydrate must cease at the first suggestion of a change in color (very 
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slight dirty red tinge). Duplicate determinations were always made (dupli- 
cate retorts being used), besides, as was mentioned before, taking 3 to 4 titra- 
tions of the filtrates from each retort As the watery solution of calcium 
acetate of commerce* is neutral only by exception, and usually shows a slightly 
acid or alkaline reaction for phenolphthalcin, a blind determination of the 
reaction in the solution used must be taken, and the value found either 
added to, or subtracted front the values obtained by titrating the filtrates 
from the mixture 11 of soil and water. 

The jK>wer to free acid is, in every investigation made, expressed by the 
amount of acid -given in the number of cc. 1/10 N acid — which 1 gram of 
dry soil is able to free in the calcium acetate solution used, 

* a, Investigations as to the influence which the relation between the amount of 
soil and of calcium acetate solution, as well as the reaction-time, exert on the 
ability of the soil to free acid. In these investigations, high-bog peat 7 and low- 
bog [x v at* from the Iwgs near Studsgaard and Tylstrup, silt-soil from meadows 
near Varde, and add field soils have been used. 

The moist peat soils were ground in an ordinary meat chopper. This 
treatment, which presents no difficulty, and a subsequent stirring gave the 
material a homogenous form and made it easy to handle. Field soils, like 
(he [x*at soils, were used in their natural moist condition, the various samples 
thoroughly mixed and possible small pebbles thrown away before being 
weighed and placed in the retorts. No other special preparation was made. 

In table 1, arc the results of a series of investigations in which both the 
amount of soil and the reaction-time were varied simultaneously, while the 
amount of liquid (.500 cc.) remained constant. The results are shown 
graphically in figure 1. 

The investigations were made in two series. 

If we turn first to the results of the investigations in Series I, we see that 
both the quantity of the soil and the reaction-time exert an important influ- 
ence on the extent to which acid is freed. 

Agreeing with the report from Baumann and Gully (4), we too find the 
largest amount of acid free per weight unit of soil when the smallest amount 
of peat soil is used. But as the table shows, by prolonging the reaction- 
time we possess a means for eliminating totally or partially those differences 
which appear when varying quantities of soil are used. Judging by the re- 
sults obtained from peat soils, a five-hour reaction-time seems to yield ap- 
proximately the maximum amount of acid freed, if the amount of peat used 
is not larger than a corresponding 0.5 gram to 0.75 gram of dry soil When 
larger quantities of peat are used the values for the amount of add freed, gen- 

1 The cakmm-accutc used in the investigations comes from KnMhanm, Berlin. 

* In Baumann and Gully's investigations the solution is neutiaiieed before being used 

T Danish— Hojmosetrv; German— Hochmoortorf. 

* Danbh— Lavmosetrv; German — Nledenooortorf ; Englis h fen (accofdng to Edw. J. 
Russell, Soil Conditions and Plant Growth, p. 69-70). 
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onlly seem to di m inish appreciably. For field (mineml) soils, a five-hour 
reaction- time seems to yield approximately the maximum amount of acid 
freed per weight unit of soil, when an amount up to 10 to 15 grams of dry 
soil is used. Were the reaction-time but three hours, only 5 grams of dry 
soil could be used when proportionately just as large an amount of add is to 
be freed. 

Later, certain observations of the influence of the reaction-time on tffie 
amount of add freed seemed to indicate that a five-hour reaction-time was 
not, sufficient for all soils to bring the reaction between the soil and the cal- 
cium acetate solution to a close. New investigations (table 1, scries 2; and 



Fig. 1, Diagram Showing the Influence of the Amount of Soil and the Reaction- 
Time on the Amount or Acm Freed from Calcium Acetate Solution 


table 2) were made, high-bog peat, low-bog peat, mineral soils and silt soil 
being used. 

The results of these investigations establish the fact that the reaction- 
time as well as the proportional amounts of soil and salt solution used, have a 
great influence upon the degree of the amount of add freed, and as may be 
seen from the tables, of these two factors, the reaction-time is usually the 
wore important* In the case of high-bog peat this factor is of relatively 

•Tfcw gfc la the cue of oofleid material it h difficult to determine to what extent we are 
with adaorptioo or with chemical reaction, it b generally safe to lay that the first pro- 
ccii am quite quickly- When such a heterogeneous material as toft is used, of which the 
taferpart constat d comNnalwaa t«y difficult of solution, a very long time may elapse 
betas the ctamfcal cq^BMdi it established The great influence which the reaction- 
ttaefe these exp eraa b aorta on the absorption of bases may perhaps indicate that this 
*b *w tatal Is not oco n ione d by surface eflecti alone. 
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TABLE 1 

The influence of the amount of soil used and the reaction time on the ability of the soil to fret 

acids 


Series 1 


41 AMI *OIL L'ttt 

atxcnou 

TtM* IM 

aomt 

nn rim, tmuia n ante cxKTtMrrn* 

1/10 N* aoo 

P tr 100 cc. liquid 

Per 1 ftn. 
n»»t toil 

Per 1 fm 
dry* *o il 

Frnh, tnoitl 

Dry* 

The unfcit 
retort*! 

Aven*# 


High bog peat A from “ Knudemose" near Heming (strong acid reaction) 



High-bog peat B from “Store Vildmoac" near Tyktrup (strong acid reaction) 
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TABLE I (CobU 


at AM MIL DUD 

■ EACTION 

T1MI 1* 

aocu 

ac® nan. imron in ovate c*xtJU*r*«» 

J/10 N ac® 



Frt |00« lk}ui«J 

Per I am 

Ptr l fm. 

Frt*h, m>i»t 

Dry* 


TSe lint l« 
reumif 

Avrrutc | 

mol »t i6tl 

4ry‘ wtl 








High-bog peat B from “Store Vildmosc” war 

TyUtrup (strong add reaction) 

9 

1.08 

5 

4 63 

4 02 

1 54 

12 H 




4 61 




12 

1 44 

S 

6 17 

6 10 

1 54 

12 K 




6 14 




18 

2 16 

5 

8 91 

H 95 

1 49 

12 4 




8 99 




Low-bog peat A from “Store Vildmosc” (strong acid reaction) 


H 

0 26 

3 

0 71 

0 71 

1 42 

8 2 




0 71 




3 

0 52 

3 

1 41 

1 43 

1 43 

8 3 




1 44 




♦i 

0.78 

3 

2 13 

2 13 

1 40 

8 1 




2 13 




6 

1.04 

3 

2 94 

2 90 

1 45 

84 


j 

! 

2 85 




H 

0 26 

mm 

0.71 

0 71 

1 42 

8 2 




0 71 




3 

0.52 


1 31 

1 .36 

1 36 

7.9 




1.41 




4* 

0.78 

5 

2 09 

2 08 

1.39 

8 0 




2.07 




6 

1.04 

5 

2 91 

2 87 

1 44 

8.3 


# 


2.84 





Low-bog peat B from 

“Tyistnip” 

(strong acid reaction) 


3 

0.57 

3 

1.70 

1.68 

1.68 

8 8 




1.65 




6 

1.14 

3 

3.23 

3.25 

1.63 

8.6 




3.26 
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TABLE 1 (Com.) 


oiaxi ton. etas ' 

wucnox 

Tin* IX 

aocrti 

acjb ream, ixntaa rx cvaic conroontas 

1/10 H xcm 

Pei 100 cc Liquid 

PtflfM. 
noitt rod 

Per 1|B. 
dry* i»d 

Freak, moiftt * Dry* 



Low* bog peat B from “Tylatrup” (strong acid reaction) 



3 

2 6 

3 

0 65 

0.65 

0.65 

0.75 




0 65 




6 

*•* 

3 

1.21 

1.21 

0 61 

0.70 



1.21 




9 

♦ 78 

3 

1 80 

1 85 

0 62 

0.72 




1.90 




12 

10 4 

3 

2.22 

2.20 

0.55 

0.63 




2.17 




15 

13.0 

\ 

2 41 

2 39 

0.48 

0.55 




2.56 




15 

13 0 

3 

2.71 

2.71 

0 54 

0.63 




2 71 




13 

| 

13 0 

5 

2 86 

2.84 

0.57 

0.66 




2 81 





Clay soil (A) (add reaction} 


3 

mm 

3 

0.55 

1 

0.58 

0.70 


H 


0 60 

I 



6 

I 

3 

0.98 

■ 

0.51 

0.60 


Wm 


1.03 

mm 
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TABLE 1 (Coal) 


I 

i 

I 

hwtiok 
nut ix 

Idlti 

aco» mi®. imtnut in muc CKnnamu 

110 N aou 



Pef 100 cc liquid 


Per J j«, 
dry* wil 

Fr»h, nwmt 

Dry* 


The liaile 
r*»*rUt 

Avenge 

taoi»t ifll 


CUy soil (A) (acid minion) 


9 

7.5 

3 

1 26 

1 40 

133 

0 44 

0.53 

12 

10 0 

3 

1 70 

1 85 

1 78 

0 45 

0 53 

18 

15 0 

3 

2 34 

2 34 

0 39 

0.47 

3 . 

2 5 

5 

0 53 

0 53 

0 53 

0 53 

0 64 

6 

5.0 

I 

5 

1 00 
1.02 

I 01 

0 51 

0 60 

9 

7.5 

5 

1 5b 
1.51 

1.54 

0 51 

• 

0 62 

12 

| 

100 

5 

2 11 

2 05 

2 08 

0 52 

0 62 

18 

15.0 

5 

2 91 

2 91 

2 91 

0 49 

0.58 


Scries Z 

High-bog pat C from “Knudemott" (strong acid reaction) 


6 

0.88 

3 

2 95 

3 11 

3 03 

1 52 

10 3 

3 

0.44 

5 

1.73 

1.71 

1.71 

116 




1 69 




6 

0.88 

5 

3.21 

3 20 

1 60 

10 9 


• 


3 19 




12 

1 76 

5 

606 

5 96 

1 49 

10 2 




5 86 





Low-bog peat C from Gelleruplund (add reaction); (6/ JO 1913) 


0.542 

3 

0.73 

0 72 

1 08 

4 0 



0 70 
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TABLE 1 (Coat.) 


at a ms sort tiro 

REACTION 
TIM* 11* 

ROVES 

Frmh, mailt Dry* 



xao rtta, ixnuiQ ut crtic dntvmu 

1/10 N ACn 



Per I fin. Per 1 cm. 

m©« toil dry* aoQ 


Low bog peat C from Gdleruptund (acid reaction) (6/10 1913) 
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TABLE l (Com) 
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TABLE i (Cod.) 


oiaki soil ckd 

■ 

acid nun, umao nr crwc csvmnmfei 

1/10 N Acm 

Per 100 «. liquid 

Per 1 r» 
mod toil 

Per 1 gm. 
diy* toil 

FrnA, mod 

Dry* 

The 

retomt 

Avoroft 


Silt soil no. 12 (acid reaction) 




t Doc to an oversight the reaction- time was 20 minutes too long. 
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y r nal) importance, even though when larger quantities of peat are used, there 
is a distinct difference between a three and a five-hour reaction-time; in 
Kigh-bog peat, specimens A and C, increasing the reaction-time has annulled 
the difference in amounts of acid freed, caused by using various quantities 
of soil. In high-bog peat, specimen B, the amount of acid freed is just as 
large after a three-hour as after a fh-e-hour reaction-time, and this experi- 
ment merely expresses the variations caused by the differences in the amount 
of peat used. However, these variations are comparatively small, not only 
here but also in other specimens of high-bog |>eat examined. 

Low-bog peat C is a clear example of a type of soil in which the relation 
between the amounts of soil and of calcium acetate solution lias no influence 
on the amount of acid freed, which, on the other hand, is largely determined 
by the length of the reaction-time. As appears in table 1 (series 2) the vari- 
ous amounts of peat (from 0.54 gram to 3.25 grams of dry peal soil) used have 
freed an equally large amount of acid per weight unit during the various 
reaction-times. The same experiment also proves that even a reaction-time 
of five hours was insufficient to complete the base-absorption, for during an 
additional two hours a very appreciable increase in the amount of acid freed 
was observed. (A further discussion of this will follow later.) 

In low-bog peat D it was apparent that in a three-hour reaction-time 
approximately the same amount of acid was freed per weight unit of peat, 
even though the amount of peat used varied between 0.61 gram to 4.9 grams 
of dry soil. If the reaction-time was increased to five hours in all the samples 
of peat examined, the amount of acid freed was likewise found to increase, 
but the amount varied greatly in the various samples, This specimen of 
low-bog peat acts otherwise than specimen A from the same bog and which 
freed the same amount of acid even when the reaction-time was increased 
(over three hours), and the amount of peat varied. 

In the n ><u> of silt soil no. 12, and the two loam soils, both the amount of 
soil used and the reaction-time have influenced the extent of add freed. 

In loam soil A an increase in the reaction-time from three to five hours 
was sufficient to almost entirely eliminate the difference in amourit of acid 
freed caused by using various amounts of soil. This was not true In loam 
soil B, for after a period of seven houp the difference was still very apparent. 
On account of the limited power of this soil to free acid, the differences in 
amount of add freed during the reaction-times tested and with the smaller 
quantities of soil used are so small that the titration method in use is power- 
less to determine them exactly. Yet the absolutely as well as relatively ap- 
preciable difference in add freed per weight unit of soil between the largest 
amount of soil (20 grams), and the smallest amount (5 grams) used, indicates 
positively that in this type of soil, in contrast with loam soil A, the amount 
of add freed is more largely determined by the amount of soil used than 
by the length of the reaction-time. 

In order to illustrate further the extent to which the freeing of add is de- 
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tcrmined by the reaction-time, the experiments referred to in table 2 were 
made, and using the same quantity of soil the reaction-time was varied within 
very wide limits. In some of the experiments the same soil was used as in 
the experiment Just referred to (table 1). 

If in series 1, table 2, we examine the relation between humus soils and their 
reaction time, we see that in high-bog peat acid is freed much more quickly 
than in low-bog peat. When one-eighth of an hour has passed the add freed 
from high-bog |>eat has attained 70 per cent of the total amount of add freed 
during the ten-hour reaction-time; whereas low-bog peat from Tylstrupand 
low-bog peat from Gellcruplund yield in the same time 32 and 29 per cent, 
respectively. 



Fig. 2. Diagram Showing the Influence or the Reaction-Time ox the Ability or 
Various Soils to Free Acid from a Calcium Acetate Solution 

Base-absorption by low-bog peat is particularly slow and is only approxi- 
mately brought to an end after eight hours. In high-bog peat, silt soil and 
loam soil the reaction is approximately ended after five hours have passed 

It is especially interesting to note that base-absorption by high-bog peat B 
is quite independent of the quantity of peat used, for relatively speaking, 
almost the same amount is absorbed whether 12 grams of peat are used or 
6 grams. The specimen of high-bog peat under discussion, belongs, there- 
fore, to that type of soil in which the relation between the amount of soil 
and the salt solution is of subordinate importance in the amount of acid 
freed, and differs from high-bog sped men A previously examined and coming 
from the same bog (see table 1). In the latter case the amount of peat used 
exerted not a great, but yet & very distinct influence on the degree of add 
freed. 

In figure 2 is a diagram showing the relation between the reactiofc-time 
and the base-absorption in the various soils examined. 
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TABLE I 

Influence of lie mdumMme on lie ability of lie soil to free <* ul, tks amount of soil usd 6nnf 
constant 


Scries 1 



acid raeto, txrt*Miu> in ciare cximuttritaa lid N *<w 

uuenoN-rrm 

Per t00c<. liquid 



i> aocu 

Per J ir»m 

| J’rf 1 jr*m 


Retort a. J Retort h j Averse 

toil 

til y soil 


|[igh-bog peat B from " Knudtmose" {str<mu acid reaction); 6 grams fresh, moist peal unit 
(0.88 gram dry soil) used in each Mori 


i 

2 29 

2 22 

2 26 

1 13 

7 71 

i 

2 64 

2 41 

2 53 

1 27 

K 63 

i 

2 53 

2 66 

2 65 

1 33 

9 04 

l 

2 93 

3 03 

2 98 

1 49 

10 17 

2 

3 09 

2 64 

(2.92)* 

(1 46)* 

(9.97)* 

3 

2 95 

311 

3 03 

1 52 

! 10 34 

5 

3 21 

3 19 ! 

3 20 | 

1 60 

10 92 

7 

3.27 

3 18 

3 21 

1 62 

11 02 

10 

3 25 

3 29 

3 27 

1 ( A 

11 16 


Same high-bog peat; 12 grams fresh moist f*at soil (1.76 grams dry soil) used in each retort 


\ 

4 72 

4 89 

4 8! 

120 

8 19 

\ 

5.18 

(3 43)f 


1 .30 

8 82 

\ 

5.97 

5 68 

5 83 j 

1 46 1 

9 93 

1 

5 70 

5 30 

5 50 

1 38 

9 37 

2 

5 89 

5 49 

5 69 | 

1 42 

9.69 

3 

5 91 

5 79 

5 85 

1.46 

9 97 

5 

6 20 j 

6 26 

623 

1 56 

JO 61 

7 

6 41 

6 35 

6 38 

1 60 

10 87 


bow-bog peat D from TyUtrup (strong acid reaction); 8.14 grama fresh, moirt prat (2 447 

grami dry soil) used in each retort 


i 

1.85 

■ 

■ ■ 

0 66 

2 27 

\ 

2.28 

2 26 

2 27 


2 78 

i 

2 38 

2 34 

2 36 

0 84 

2 89 

1 

3 41 

3 20 

3 31 

1 18 

4 06 

3 

4.39 

4 47 

4 43 

1.58 

5,43 

5 

5 15 

5 15 

5.15 

1 82 

6.31 

7 

5 40 

5 48 

5 44 

1 94 

6 66 

10 

5.68 

5 74 | 

5.71 

2 04 



Low-bog pest C from GeUerupiund (acid reaction); 9 gram* fresh, moist peat (2.439 gram* 
dry soil} used in each retort 


k 

1 32 

1 15 

mm 

0.41 

1 53 

\ 

1.34 

1 40 

WBLm 

0 46 

1 69 

i 

i .79 

1.85 

K1 

0 61 

2 24 

A 

2.33 

2.27 

2.30 

0 77 

2.83 
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TABLE 1 (Coit.) 



uw run, tgiMBS m ccwc cawrarroas l/io N *ca> 

l 

SIC ACTION 'TOOI 

IN SOI U 

Per 100 cr. liqoid 

Per 1 sous 
no iit toil 

Per 1 fna 
dry tod 

| 

Retort * j Retort b j \ver*fe 


Low *bog peat C from Gelleruplund (add reaction) 9 grams fresh, moist peat (2,439 grams 
dry soil) used in each retort 


2 

2 76 

2 82 

2.79 

0.93 

3.43 

4 

3 4! 

3.42 

3.42 

1.14 

4.19 

6 

3.75 

3.75 

3.75 

1,25 , 

4.61 

8 

4 10 

4 06 

4 08 

1 36 

5 02 

10 

4 20 

4 18 

4 19 

1.40 

5,15 

It 

4 28 



1 43 

5.26 


Silt soil no. 12 (acid reaction); 6 grams fresh* moist soil (1.24 gram dry soil) used in each 

retort 


i 

1 92 

1 78 

1 85 

WBM 

4 48 

i 

2 02 

2 .10 

2.16 

■EB 

5.21 

i 

2 41 

2 45 

2 43 

mam 

5 88 

3 

2 57 

2 63 

2.60 

mXm 

6 30 

5 

2 90 

2 92 

2 91 

1 46 

7 05 

7 

2 94 

2 94 

2 94 

I 47 

7.12 

10 

2 98 

3 08 

3 03 

1.52 

7.34 


Loam soil B (strong acid reaction); 10 grams fresh moist soil (*9.2 grains air-dry soil) used 
in each retort 


1 

— v ; 

0 94 

0 96 

0.95 


0.31 

i 

0 98 

1 06 

1 02 


0.33 

1 

1 10 ; 

1 14 

1.12 


0 37 

1 

1.18 

1 16 

1.17 


0 38 

2 

1 20 

1 26 

1 23 


0 40 

3 

1 24 

I 26 

1.25 


0 41 

5 

1 30 

1.30 

1.30 


0.42 

7 

1.36 

1.32 

1.34 ] 


0.44 


High-bog peat from “Knudemose" (strong add reaction); 7.6 grams fresh moist peat (- 1 
gram dry soil) used in each retort 


Shaken from 
time to time 
(usual meth- 
od of pro- 
cedure) 

3 

3 35 

3 29 

3.32 


9.96 

5 

J 37 

3.39 

3.38 


10.14 

10 

3 43 

3.45 

3 44 


10.32 

20 

3.48 

3 52 

3.50 


10.50 


T 
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TABU MCmU 



acio nan, imxra 

» or cv»»c c**rm*n*i 1/10 N Arm 

aatfRoaf-twa 
at norms 

Pff 100 cc Ikjtik! 

j 

P« 1 ftkm 
moist soil ! 

Pw 1 ft AM 
dry tail 


| Retort t | Retort b | 

Avtttft 


High-bog peat from '‘Knudemose' 1 (strong acid reaction) 7.6 gram* fresh moist peat {- 1 
gram dry soil) used in each retort 


Unshaken 

3 

3 28 

3 27 

3 28 


9 84 

5 

3 33 

3 37 

3 35 


10 05 

10 

3 41 

3 39 

3 40 


10 20 

20 

3 52 

3 46 

3 49 


10 47 


Low-bog peat from Geflerupluud (reaction undetermined); 6 grams frr*h moist peat {-1.5 
gram dry soil) used in each rrtnrt 


Shaken from 






time to time : 






3 

2 31 

2 37 

2 34 


4 68 

5 

2 57 

2.59 

2 58 


5 16 

10 

3 12 

3 12 

3 12 


6 24 

20 

3 18 

3 06 

3 12 


6 24 

m 

3 10 

3 26 

3 13 


6 26 

Unshaken 






3 

2 22 

2 12 , 

2 17 


4 34 

5 

2 47 

2 45 

mSm 


4 92 

10 . 

2 80 

2 88 

mam 

■ 

5 68 

20§ 

3 06 

3 08 



6 14 

m 

3 00 

2 96 

■a 


5 96 


Clay soil, poor in humus (acid reaction); 11.55 grams fresh moist soil {•» 10 gram* air-dry soil) 
used in each retort 


Shaken from 
time to time 






3 

1 27 

1 31 

1 29 


0.387 

5 

1.39 

1,37 

1 38 i 


0 414 

10 

1 55 

1 51 

153 I 


v 0 459 

19 

1.51 

1.53 

1.52 


0 456 

Unshaken 






3 

1.14 

1 04 

1 09 


0 327 

5 

1.20 

1 20 

1 20 



10 

1 27 

1.27 

1 27 


0 381 

19 

1.47 

1.47 

1 47 


0 441 


*Qt account of a very considerable difference in the results of the duplicate dr termini - 
tiem, prattmabiy doe to a flagrant error, the correctness of the average is to be disputed. 

t The cause of this low — and presumably incorrect — figure is unknown. No account 
W, tknforc, been made of thk figure in computing the results per weight measure. 

t Set wide a few days later. 

ft After quietly for about 19 hours, the retorts were inadvertently shaken a 
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In the last section of table 2 are the results of an examination of three dif- 
ferent kinds of soils (high-bog peat, low-bog peat, and loam soil), in which the 
reaction-time varies from three to twenty hours. At the same time the im- 
portance of shaking the retorts during the reaction-time has been tested. In 
the first part of the experiment the retorts were shaken hard quite often 1 *— 
about every fifteen minutes; in the second part of the experiment the soil 
and the liquid were thoroughly shaken together immediately after being 
placed in the retorts, and again just before being filtered; in the interim the 
retorts stood quietly on a shelf. 

In agreement with the tests referred to in the first section of table 1, we find 
that the reaction between soil and calcium acetate solution ceases after a 

TABLE i 


fntesti potions of the influence exerted by various amounts of calcium acetate solution on the 
ability of u certain amount of soil to free acid {reaction-time five hours) 
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Loam soil 

10 

200 

1 95 


1,93 


0.386 

10 

.100 

1 39 


1.38 


0.414 

10 * 

400 

1 12 

1.12 

1.12 


0.448 


period of about ten hours. Shaking the retorts has had no espedal influence 
on high- bog peat. In the case of low-bog peat, this action has caused an 
appreciable increase in the amount of arid freed in the reaction-times three, 
fi\*e and ten hours, but in the longest reaction-time (twenty hours), the differ- 
ence has almost entirely disappeared. 

Table 3 shows the results of an absorption-experiment in which the amount 
of soil is kept constant, while the amount of calcium-acetate solution is varied. 
In this test the same soils are used as in the one last mentioned. 

’• In the case of the longest reaction- time the retorts were shaken only daring tire first 
four to five hours and the last four to five hours before filtering. In the intervening interval 
lhe> r remained undisturbed. 
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We find that the greatest amount of acid is freed per weight unit of soil 
when the greatest amount of solution is used. The results agree, as was also 
to be expected, with those obtained from the tests previously mentioned, in 
which quantities of soil of varying weight were used with the same amount of 
calcium-acetate solution. 

In order to judge the results, we will express the amount <*f acid freed 
in relation to that value found when 400 cc. of the solut ion is used. Kxprcssed 
thus, the difference between the acid freed in 200 cc. of the solution and in 
400 cc. of the solution Is, for high-bog peat 3.7 per cent, for low*bog j>eat 8 
per cent, and for loam soil 13.8 per cent. The difference in amount of acid 
freed when 300 cc. and 400 cc. are used is 1.7 per cent, 3.7 per cent and 7.6 
per cent, respectively. 

The influence of the amount of the solution used is greatest in the case of 
the loam soil. There appears here to lx* a considerable difference in the amount 



Fto. 3. Apparatus for Determining THtAanm* of the Sou. According to the Tackk- 
SC ch ting Method 


of acid freed according to whether 300 cc. or 400 cc. of the solution is used. In 
the case of both the humus soils, approximately the maximum amount of 
acid is freed in the given reaction-time when .300 cc. of the solution is used. 
A test has been made in which 500 cc. of solution was used with the last- 
named peat, but this increase in the amount of the solution gives no appre- 
ciable change in the add freed. 

As mentioned before, Gully (16), in his latest work in investigating the 
ability of sphagnum-peat to free acid, has suggested using 3 grams of air- 
dry peat with 250 cc. of 10 per cent caldum acetate solution in a reaction- 
time of three hours. When the relation between the amount of peat and the 
amount of solution is so dose, this reaction-time is sometimes insufficient, 
especially when an approximately absolute expression of the ability of high- 
bog peat to free add in caldum acetate solution is to be obtained. According 
to the investigations referred to in table 2, in which the relation between the 
amount of peat and the amount of solution has been far wider than Gully 
* suggested, base-absorption from high-bog peat is only approximately com- 



140 


HAJLAJLD JL, CHX1STZMS£N 


plete alter five hours have elapsed. J udging further from the results shown in 
table 1, it is not usually advisable to use more of this nor erf any other peat 
soil, than corresponds to 0.5 to 0.75 gram of dry plat with 300 cc. of solution. 
Investigations show that for low-bog peat and silt-soil a three-hour reaction- 
time is quite insufficient. Finally, in order to express in exact figures the 
ability of mineral-soils to free acid, we must use much larger quantities of 
soil. When the reaction-time is increased to at least five hours we could, 
judging by the results of the experiments at hand, advantageously use about 
10 grams of soil to 300 cc. of solution. ♦ 

A wholly satisfactory expression of the power of the soil to free add from 
salts can, however, be obtained only by varying the relation between the 
amount of soil and the amount of solution. This method seems especially 
advisable when we are dealing with mineral soils. Reference, too, should be 
made to the calcium-aceta^ method for determining the ability of the soil 
to free acid tested by investigations, and following later (p. 140). 

b. Investigations oj the variations in the ability of soils to free add from 
caldum acetate, ond the influence which air-drying exerts on this ability . 
Taking for granted that the ability of the soil to free add from acetates, is 
chiefly determined by surface effects, there might be reason to suppose that 
drying the soil (due to the presence of n on-reversible colloids), might cause a 
diminution of the soil-surface, and thggefore of the power of the soil to adsorb 
bases. 

To throw further light on the question the investigations referred to in 
tables 4 to 6 were made. They include both humus and field (mineral) 
soils. 

All the soil-specimens were examined both in their original moist condition, 
and after being rendered air-dry. Duplicate determinations were generally 
made, the method being as follows. The soil was simultaneously weighed off 
into four retorts. Two of these were immediately filled with 300 cc. of cal- 
dum-acetate solution, while the two remaining were first used when the soil 
in them had been in an air -dry condition during a longer or shorter period 
(varying from a few days to several weeks). 

At the time at which these tests were made, the investigations of the re- 
action-time mentioned above had been brought only to a temporary con- 
clusion. As these investigations, as we have said before, seemed to indicate 
that a five-hour reaction-time (& reasonable quantity of soil being used) was 
sufficient for attaining the approximately maximum amount of add freed, 
this reaction-time was chosen. Later investigations showed that this is in- 
sufficient for some humus soils, and therefore the results in table 4, are not 
in every instance absolute. However, they can doubtless express approxi- 
mately the influence of air-drying on the ability of the soil to free add from 
acetates and the variations in that ability. 

If we look first at section 1, table 4, which contains results of tests made 
with raw peat soils, we see that here there is a comparatively small difference f 
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between the ability of peat soil to free arid from calcium acetate before and 
after air-drying. Yet the results contain the suggestion that high-bog peat 
and low-bog peat respond differently to air-drying, for t wo (if the three high- 
bog peat samples examined showed a little smaller, and both of the low-lug 
peat samples examined a greater ability to free acid when air-dry than when 
in their original fresh moist condition. 

Results from the second section of the table show likewise that air drying 
has in the case of low-bog peat caused an appreciable increase in the amount 
of arid freed. However, the three humus soils, marked "silt soils (nos, 12, 
4 and 5), show a different result, for airdrying has to a great extent diminished 
their power to free acid. 

As silt soils, in contrast to j>eat soils, dry into very hard lumps, it seemed 
possible that some of the soil in these lumps was never, or in any cam*, fur an 
insufficient length of time, subjected to tlu* influence of the calcium acetate 
solution. Therefore, tests were made, referred to in table 5, in pulverizing 
the soil in a mortar before placing it in the retort. 

As the table shows, this precaution lias entirely changed the relation. 
Now the air-dry samples show themselves capable of freeing considerably 
more acid than the fresh moist samples, and in all three instances the dif- 
ference is far greater than in the case of any of the low-bog peat samples cited 
in table 4. % 

The variation in the ability of humus soils to free acids, is, as table 4 indi- 
cates, very large (from 2.2 to 12.7 cc. of 1/10 N arid jkt gram of air-dry 
soil). This variation is not only due to a varying content of mineral-soil, 
but also to a difference in the quality of the humus materials themselves. 
Low-bog peat generally possesses a much smaller ability to free acid than 
high-bog peat — due perhaps to the fact that the former humus form is much 
richer in bases (especially lime} than the latter. 

As has been described in greater detail in a previous paper (II), the upper 
layer of peat (to a depth of 30 cm.), in high-l>og peats possesses a far greater 
ability to free acids than the layer of peat lying just below it (30 to 50 cm.). 
This difference could not be explained by a difference in base-content, for the 
lower layer of peat was poorer in lime than the upper. As these j>eat speci- 
mens were in every instance pure peat, with approximately equally large 
surface (hygroscopic! ty, determined according to Mitscherlich and Rodewald). 
it is reasonable to infer that the ability of high-bog peat to free acid is not 
dependent on surface effects alone, and that the difference in this ability in 
the two layers of peat is due to a varying content of true acids. [See further 
artide (11), p. 632.] 

For the results of the tests made with field soils (mineral soils), sec table 6. 

A* appears from the last column in this table, air-drying has in no single 
instance diminished the ability of the soil to free acid, but has in each case 
®®e*se& that ability to a distinct degree. In certain instances, especially 
® the case <$f $ofls with small power to free arid, this increase, relatively seen, 
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TABLE 4 

I Uftsli lotions of the ability of various humus soils to ftu acids both total fresh and moist and *ta 
air-dry (reaction-time five hours) 
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hmsli[aiiens of the influence of air -drying and pulverization on Ike ability of till soils to fret 
acids (reaction-lime five hours) 
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is very considerable. The last two soils mentioned in the table, nos. 1262 and 
136, show (hat the power to free acid is, respectively, two and four times as 
great in air-dry as in moist soil. Air-drying has just the opposite effect on 
the majority of humus and mineral soils from what we expected to find (see 
introduction, p. 140). 

It is very interesting to note that all the soils examined, even those effer- 
vescing strongly for acid and showing a strung alkaline reaction for litmus, 
possess a base -absorbing power. 

In his “ Bodenkunde,” published in 1911, E. Ramann (21, p. 242), dis- 
tinguishes between absorptively un-saturate (“absorptiv ungeshttigte”), and 
absorptively saturate (“absorptiv gesattigte”), soils. In the first group he 
places the soils hitherto called “acid,” and he defines them as “soils which 
are ca|>ablc of coloring blue litmus paper red, and freeing acids in solutions of 
neutral salts.” In the second group he places those soils which are base- 
saturate, and therefore incapable of absorbing bases. In the first group 
Ramann distinguishes further l>ctwcen neutrally reacting soils, which are 
only slightly stable, and will sooner or later become absorptively unsaturate, 
and alkaline reacting soils (those containing carbonate of lime or ammonium 
car Inmate). 

As the results of the investigations previously mentioned show, the prem- 
ises for this division of the soils are incorrect, for we find that not only soil 
with an acid reaction fur litmus, but also those with a neutral or alkaline re- 
action, possess the ability to absorb bases, and in an ordinary litmus test the 
means for determining whether or not the soil is “absorptively saturate,’’ 
arc wanting. 

The fact that there is no close connection between the ability of the soil 
to free acid from calcium-acetate and its relation to litmus solution, and that 
soil may have a*verv great ability to free acid and still show no acid reaction 
for litmus, u seems to suggest that the red color does not appear in the litmus 
solution as a result of the base-adsorption of negative electrical soil colloids 
(which Ramann, in agreement with the opinion expressed by Baumann and 
Gully insists), but must be considered to express the fact that the soil con- 
tains truly acid reacting substances . Here, and in what follows, these sub- 
stances arc to bf understood as substances which in solution cause a greater hy- 
drogen-ion concentration than would correspond to the value 10 “ 7 [or to a 
hydrogen-ion exponent (P,)~7j. 

The author cf the present article, collaborating with 0. H. Larsen (10), 
has made investigations of the methods to be used in determining the lime- 
requirement of the soil. From these it appeared that when a determination 

u In low-bog peat showing a neutral reaction for litmus, the ability to free adds can,, 
as Table IV indicates, be alnxwt as great as in low-bog peat showing add reaction for lit- 
mus. In field-soils many examples (table 6) may be found in which soth with neutral re- 
action for litmus possess a greater ability to free adds, than sods showing a decided add 
reaction for that indicator. 
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had been made of the reaction of the soil for litmus, ami its relation to A uUo- 
barter, we possessed a comparatively sure means of determining this require- 
ment. As the results here given, table 6, show there is no delimit relation 
between the reaction of the soil or its power to cajuse Azrtabartrr Oevtdop- 
ment, and its ability to fra* acid as measured bv the acetate method, it is 
scarcely probable that this methyl will 1* of assistance in expressing quanti- 
tatively, to a sufficiently correct degree, the lime-requirement of the soil, 
or as Loew (20, p. 7) in mentioning the acetate method he himself recom- 
mends, expresses it — cif the need for that amount of lime necessary for neu- 
tralising the soil. Whether the remaining methods which have Urn sug- 
gested (see further, pp. 116, 1 2.4) will give letter results, must for the present 
remain doubtful. In any case it is incorrect to assume that the values found 
by these methods for expressing the ability of the soil to absorb bases also 
express quantitatively the degree of the lime -requirement of the soil, an 
assumption, which, as has l>ecn mentioned More, is very general. 

The variation in the ability of field soils to free acids is found to l>e very 
great, just as in the case of humus soils. In fresh moist soils the figures ex- 
pressing the amount of add freed per unit of weight vary from 15.18 tot), IK, 
and when the soil is air-dry from 14.05 to 0.65. As table 6 indicates, the six 
soils having the greatest power of freeing acid show an arid reaction for lit- 
mus, while the nine soils with the smallest power of freeing acid show an alka- 
line reaction for litmus, but within these broad limits, as I have said Indore, 
there U no connection between the reaction of the soil for litmus (or its rela- 
tion to Azotobactcr) and its power to free acid from calcium acetate. 

The freeing of 1 cc, of 1/10 N acid j>er gram of dry soil corresponds to t he 
absorption of 2 grams of calcium per kilogram of dry soil. If we estimate that 
the upper 20 cm. of the field soils (the ordinary ploughed layer) contains 

2.400.000 kgm. of air-dry soil per hectare, and assume that bases are absorbed 
by the soil to the same extent as in the retorts, then this layer has the power 
to absorb 4800 kgm. of calrium (equal to that amount of calcium found in 

12.000 kgm. of carbonate of lime) for every cubic centimeter of 1/10 N add 
which 1 gram of soil is able to free from the calcium acetate solution. 

The field soil having the greatest power to fret* acids (no. 761, table 6), 
will under the given conditions absorb lime in 1.518 X 12,000 ~ ra. 16,000 
fcgm. of carbonate of lime per hectare (or a corresponding amount of other 
bases), whereas the soil with the smallest power to free acids fno. 156), will 
be able to absorb only that amount of lime found in 0.018 X 12,000 ® ca. 
200 kgm, of carbonate of lime per hectare. 

If wt assume further that raw high-bog peat contains 220 ,000 kgm. of 
dry sod, and raw fen peat 400,000 kgm. of dry soil per hectare in a depth 
"of 20 cm. [cf. statements in article (11), table 2, p. 612] the amount of lime 
(estimated as carbonate) which this layer of peat can absorb per hectare; 
win in the case of the peat soils mentioned in table 4, series 1, vary 
from 8820 to 14,960 and 10,400 to 15,600. The ability of the raw peat 
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TABLE 4 
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TABLE 6 (Coot) 
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soils to absorb bases (estimated per cubic measure) is not greater than that of 
several field soils. 

The absorption of basic substances depends naturally on their being ren- 
dered soluble. Carbonate of lime is, for the most part, held in solution by 
the soil water, as bicarbonate of lime. The lime in this compound is doubt- 
less absorbed very quickly by the soil — presumably more quickly and com- 
pletely than when it appears as an acetate. Therefore the rapidity with 
which the lime is absorbed by “non-base saturate” soil is more than probably 
dependent on how soon it is rendered soluble. This, in turn, depends on the 
amount of moisture in the soil which in a given time has an opportunity of 
affecting the lime. 

The author has previously had an opportunity of making investigations in 
connection with field experiments under the leadership cf F. Kolpin Ravn, 
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(22) at the Askov Experiment Station, as to the use of lime as a preventive 
for club-root (Phsnwdcophora brassua ). In the loam soils used it was found, 
that lime may be absorbed very quickly from carbonate of time, even in soils 
showing a neutral reaction for litmus. In the soils which in 190ft were 
treated with ca. 4000 kgm. cf ('a(X). ]H*r hectare nr carlnmates could be 
found 4$ years later under an examination, in which the acid test was used 
; sprinkling the soil with diluted HO), Even when 12,000 kgm. of CaCO, 
were used per hectare, after the same length of time had elapsed, only a 
very slight effervescence was apparent in three of the four replicate plots. 
By the acid test made in Ml, two of the four replicate plots, which for four 
years (1902-1906) received an annual dose of c«i, AtXM kgm. of CaCO* ]kt 
hectare— 12,000 kgm. in all— showed only a slight effervcscrnce when acid 
was added, while specimens from the two remaining plots showed no effer- 
vescence whatsoever. As this acid test indicates the presence of very small 
amounts of carbonates in the soil, and the toss of carbonate of lime by wash- 
ing-out during these few years cannot have Iteen very great, these results 
may be considered an indication that the amount of calcium absorbed by the 
soil from the calcium carbonate, may attain quite a considerable dimension 
within a comparatively short period of time. In regard to the inlluencc of 
this condition upon the power of carbonate of lime to change the reaction of 
the soil, see the paper (22) mentioned alxjvt. 

Based on the results mentioned lx* fore, the following suggestion for a method 
for determining the power of the soil to free acids from rahium acetate is 
made. 

Into a retort wilh a capacity of at least 400 <:c., measure off .UM) cc. of raltium acetate 
Nation (10 grams of calcium acetate to 100 cc. of distilled water). I’tac in the retort 
froh moist soil specimens, taking of pure humus v>its (i.e., unmixed with mineral mattrrj 
as much of the finely divided mass as would oirrrsjmnd to aljoul O.S ^ram of oven dry 
sod, and of mineral soils (held noils) as much as would correspond to alwut JO grams of 
air-dry soil. The reaction-time must lx at least ten hours,” During the first and Iasi part 
of the reaction-time the retorts are to be shaken repeatedly. As to methods of prexedurc 
for filtering and titrating, see the report, page 111. 

When especially complete and accurate information as to the ability of the 
soil to free acid is wanted, it will be necessary, as we have mentioned before, 
to vary the relation between the amount of soil and the amount of solution. 
Of peat soils two different quantities might be used, corresponding to 0,5 
pun and 2 grams of oven-dry peat, and of mineral soils two quantities corre- 
sponding to 10 grams and 20 grams of air-dry soil (to .300 cc. of acetate solu- 
tion). As the results of the duplicate determinations always agree, always 

15 Even though a reaction-time of ten hours based on the investigation* already made, 
““Sht teem sufficient to attain the maximum amount of acid freed, yet in order to arrange 
laboratory work In a practical way. it h advisable to use a longer reaction time. The soil 
m«ht be plated in the retorts about 2 hours before the laboratory is cWd. The retort* 
over night, and a filtration is made the next morning. 
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and here there is a much greater result from the factors tested than in the 
investigations mentioned before. 

When the difference !>etween the amounts of peat and of water is relatively 
small, the amount of CO* freed in the same period is greater than when the 
difference is large. Moreover, we find that the reaction-time exerts a very 
great influence on the amount of CO* freed, and that this influence is espe- 
cially apparent when the largest amount of water is used. In high-bog peat 
specimen A, for example, more COi is freed when the smallest amount of 
water is used with a reaction-time of three hours, than when the largest 
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amount of water is used with a six-hour reaction-time. In the latter case 
COi has not totally ceased to generate even when six hours have elapsed. 

The investigations made with high -bag peat specimen B, in which the 
amgunt of water used was much smaller, seem also to indicate that CO* is 
freed most quickly when the smallest amount of water is used, even though 
this result does not appear very plainly because of poor agreement in the 
duplicate determinations. In a reaction-time of three hours, and when the 
largest amount of water is used (200 cc.), we have in this experiment just as 
great an amount of COj as by using the smallest amount of water (100 cc). 
But also, when so moderate an amount of water as 200 cc. is used, & long time 
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must elapse before the reaction between peal an<l lime ceases, ft*r even after 
foor hours COi is still being generated. 

In the investigations made by Stichting (27), using two different sj*ci* 
mens of high-bog peat, a two-hour reaction-time has proved quite sufficient 
to bring the reaction to an end (27, p. 42). This result is opposed to the 
results of the investigations which we have here. l*'or instance, from tabic S 
it appears that in high-bog peat nearly twice as much C'tL is freed after six 
hours have passed, as after two hours, and that the amount of CO* freed 
increases gradually with the length of the reaction-lime. As the amount of 
water used, as well as the reaction-time, determines the amount of CO* freed, 
it must be admitted that in this investigation, using the Tacke-Sfichting 
method, it has been impossible to obtain an exact expression of the ability 
of the soil to free CO; from CaCO*. The author is unable to explain the great 
difference between Suchling’s results ami those given here, However, for the 
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present, he will limit himself to stating, that the two-hour reaction-time sug- 
gested by Tacke and SUchling is in any case far too short to bring the reac- 
tion between high-bog peat and carbonate of lime to a complete close, and that 
in the investigations made here, as well as in those applied to the calcium 
acetate method, before mentioned, the length of the reaction-lime to a far 
greater extent than the amount of peat used apjiears to determine the 
amount of add freed per weight unit of peat. 

Nor has it been possible to confirm Sticbting’s results in regard to the lime 
necessary for bringing into the receiver the entire amount of CO* freed by the 
addition of HQ. According to Stichting’s investigations, after hydrogen has 
been conducted through the apparatus for an hour no more CO* passes into 
the receiver, while according to our investigations no such constant results 
have been attained. By using a comparatively large amount of water, the 
difference between tbe amount of COj collected after hydrogen has been con- 
ducted for one and three hours is so great, that it mast to a large extent be 
due to tbe fact that the first-named period was insufficient for driving the 
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amount of COa freed from calcium carbonate into the receiver, whereas the 
comparatively small differences in the amount of C0» after hydrogen has Been 
conducted through the apparatus for three and five hours, may possibly be 
explained by internal reactions in the humus materials themselves. 

In all the investigations referred to in tables 7 and 8, hydrogen has been 
conducted through the apparatus not only one, but three hours after hydro- 
chloric acid has been added. 

As an objection to the principle underlying the acetate method, Stichting 
(27, p. 23), criticizing an experiment made by Berthelot to obtain an ex- 
pression for the acidity of the soil by determining the amount of acetic acid 
which a certain quantity of soil -when heated with a solution of potassium 
acetate is able to free from that salt, emphasizes that aside from other weak- 
nesses, by this method one is t able only to determine the amount of soil adds 

TABLE 10 

Comparison betuent the amounts of acid freed, using the Tackc-Sikkiint method and the eakium 
acetate method 


AMorvT or aoi> wee©, imunu> r* erwe 
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10:413 
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8.0 « 

4.7 

14 0 
10.0 

14.1 

10.6 

Hurh-bos peal B 

* v ......... 


• Each peat sample contained 1.51 gram of oven-dry substance in 10 grams of mo»l 
peat. 


which are stronger than acetic acid, and therefore the method gives us no 
accurate expression for the addity of the soil. 

In table 10 a comparison has been made between the c&ldum acetate method 
and the Tacke-Stlchting method applied to investigations in freeing acid is 
high-bog peat specimens A and B (tables 7 and 8). 

Although in the Tacke-Stichting method a three-hour instead of a two- 
hour reaction-time has been used, which must have increased the amount of 
CO| freed considerably (table 8), yet the method in every instance gives dis- 
tinctly lower results than the caldum acetate method. The difference in 
results from the two methods is espedaliy apparent in high-bog peat speci- 
men A. Here the Tacke-Sflchting method gives only about one-half as large 
results as the caldum acetate method when the smallest amount of water is 
used, and about one-third as large when the largest amount of water is used. 
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U, as docs Stlchting, we would take for granted, that the amount of calcium 
absorbed expresses the acidity of the soil, the figures appearing when this 
last-named method is used must more nearly approach the absolute value 
for this acidity than the figures appearing from the first method. Moreover, 
as the results from the acetate method show that there is far letter concord- 
ance in the results from the duplicate determinations, it seems as if thi* method 
should be preferred to the Tackc-Sttchting method, over which it has the 
additional advantage that it is quicker and more easy to work with. 

H. QUALITATIVE DETERMINATION Of THE REACTION Of THE SOU, 

I. Methods for making a qualitative determination of the reaction of the soil 

In making a qualitative determination of the reaction of the soil, litmus 
paper is most frequently used, and the method is generally as follows (see, 
for instance, M. Wcibull (33) ]. A small portion of the soil sample is placed 
in a dish and moistened with enough water to give it, when stirred, a porridge* 
like consistency. A strip of red and a strip of blue litmus paper are now 
placed over the soil in such a way, that the paper at every point comes in con- 
tact with the soil particles. A few hours later the color changes in the litmus 
paper are observed and noted. 

In making a qualitative determination of the soil reaction the author of 
this paper has used a neutral litmus solution. His method is descriltcd in 
detail in a previous paper (10, p. 431). 

In 1908 Baumann and Gully (3) published a method for nuking a quali- 
tative acidity determination based on the ability of free acids to free iodine 
from a solution of potassium iodide and potassium iodatc. 

The method is as follows. 

Two grams of potassium iodide and 0.) gram of potassium iodalc arc dissolved in 100 cc 
of distilled water. One gram of peat soil (if mineral soil, a slightly larger portion) is placed 
in the retort, which is shaken frequently, and fifteen minutes later filtered. A few drops 
of the filtrate are placed in a thin starch water and the intensity of the blue color noted. 

Recently Daikuhara (12) proposed the following method for making a 
qualitative determination of the acidity of the soil. 1 ’ 

Place 5 gums of toil in a test tube and add drop by drop a 10 per cent potassium nitrite 
solution until the soil is welt moistened. The tube is corked with a wad of cotton, from 
which a strip of potassium iodide starch paper reaches down into the'tube. After a short 
time the intensity of the blue color of the paper gives an indication as to the degree of the 
acidity of the soil The potassium nitrite used must be chemically pure, and above all 
dnst not contain any potassium carbonate. PoUnrium nitrile is considered better in such 
htmtiptions than sodium nitrite. 

Hie results obtained from this method, as well as those from the Baumann- 
Gu&y method, can give only indications as to the intensity of the acidity of 
the #$, but no indication, as the litmus method to some extent does, as to 
the alkalinity of the soil 

tt Ty» method is a modification of a method previously proposed by Oscar Loew {#)). 
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2. Comparison of various methods for making a qualitative determination of the 
reaction of the soil 

Considering the important part which a qualitative determination of the 
reaction and basicity of the soil has played in later years in soil investigations, 
a comparison of the most important methods suggested would seem to be of 
interest in this connection, and therefore the investigations referred to in 
table 11 have been marie. 

In these investigations the following methods have been used. 

Litmus method (litmus lest), with the use of both litmus solution and 
litmus paper. In investigating the question of the extent to which air- 
drying the soil affects its reaction, litmus solution being used, a determination 
was made of soil samples both in that condition of moisture which was present 
at the beginning of the experiment, and air-dry. Two equally large soil 
portions were simultaneously weighed off. One of these was placed in a test 
tube which was at once corked, and the other spread out on a piece of paper 
to become air-dry. After drying, this portion was likewise placed in a lest 
tube and to each tube 20 cc. of neutral litmus solution added. Of mineral 
soil a portion was used corresponding to 5 grams of air-dry soil, and of fresh 
moist peat as much as would corrcs[X>nd to 1 gram of oven-dry peat. 

Sitrite method . The one I have used is closely related to the one sug- 
gested by Daikuhara. However, in place of potassium nitrite, sodium nitrite 
is used, because neutral potassium nitrite could not be procured. A portion of 
the fresh moist soil corresponding to about 5 grams of air-dry soil was used. 
The reagent paper was moistened with distilled water before being submerged 
in the glass. It has been found important not to use more nitrite solution 
than is just sufficient to moisten the soil sample. In the presence of a 
greater amount of moisture the reaction is often irregular. 

Iodine method (according to Baumann and Gully). For this method, see 
above. As the prepared solution of potassium iodide and potassium iodate 
showed a slightly acid reaction for litmus paper, and was distinctly yellow 
in color, it was neutralized before use with a very thin sodium hydroxide solu- 
tion, and the color finally entirely removed by adding, drop by drop, a very 
thin sodium hyposultite solution. With 100 cc. of the named solution of 
potassium iodide, and potassium iodate, a portion of mineral soil correspond- 
ing to 3 grams of air-dry soil was used. Besides noting the degree of the blue 
color in the starch water, the degree of the yellow color in the filtrate itself 
was noted, for this reaction seemed to give better and more complete informa- 
tion as to the acidity of the soil, than the starch water reaction. The degree 
of this last depends to a certain extent on the concentration of the starch water 
used, and it was found necessary to use a rather strongly diluted starch water. 
Observation of the blue color must be made immediately after the filtrate has 
been dropped, as the starch solution will, in any case after a short time, as- 
sume a blue color (due to the sensitiveness of the reagent to CO*)- Only 
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two shades of blue can be distinguished with positive certainty— light blue and 
blue. 

In addition to these indicators, experiments have l>een made with p-niiro- 
pkend. This substance, tested by S. P. L. Sbrtnsen (2d) in measuring 
hydrogen-ion concentration in approximately neutral stuffs, has proved to be 
a splendid indicator. 14 Of this indicator, which, as far as is known, has not 
previously been used in making soil-reaction determinations, a solution of the 
following composition w'as prepared: 0.4 gram p-nitrophcnol, 60 cc. of alco- 
hol, and 940 cc. of distilled water. Twenty drops of the solution were used 
to 20 cc. of distilled water, which at once assumed a pale yellowish color. In 
this test the mineral soils used were always in an air-dry condition, arid 5 
grams taken for each determination. Peat soils were used in their original 
moist condition, and in the amount mentioned alx>ve. The soil and the solu- 
tion were well shaken together and the observations of the color of the solu- 
tion made the following day. Decidedly acid soils render the solution color- 
less, while slightly acid, neutral and alkaline soils color it yellow (varying from 
a very pale to a greenish yellow). 

In connection with these qualitative investigations, quantitative determina- 
tions have been made, based on the calcium acetate method, and the Daikuhara 
potassium chloride method. In the former a portion of soil corresponding 
to 9 grams of air-dry field soil, or 0.5 gram of oven-dry peat soil, to 300 cc. of 
calcium acetate solution is used. The mixture stood for (a. eighteen hours, 
was shaken from time to time and titrated according to the method men- 
tioned before. In the potassium chloride method of field soils a 100 gram 
portion of the fresh soil specimen, and of p>eat soils a }>orlion corrcsjxfflding 
to 10 grams of oven-dry peat, was weighed off to 250 cc. 1/1 N potassium 
chloride solution. The mixture stood for five days, being shaken from time to 
time. Half of the amount of fluid present (=125 cc. of potassium chloride 
solution plus half of the moisture found in the soil added j , corresponding to 
half of the portion of soil used, is titrated (after having i*en filtered, and the 
free COj removed by hasty boiling), with 1/10 N NaOH, phcnolphthalcin 
being used as the indicator. According to Daikuhara the content of acid 
found is multiplied by the factor 3, and thereby, as has lieen mentioned be- 
fore, an approximately correct expression for the absolute acidity of the 
soil should be obtained (see further, page 117), 

As is mentioned on page 117, Daikuhara states that the acidity of mineral 
sods is for the most part determined by the presence of acid aluminum— or 
(in certain instances), iron-compounds, and that the amount of these found 
in the potassium chloride solution corresponds very closely to the amount of 
NaOH used in titration. 

u Both p-nitrophenol sad litmus belong to that group of indicator* which S. I 1 L. 
Starnes caffs “indicators of the phosphate mixtures/' and which arc characterized by the 
to that their turning-point is very dose to the true neutral point (P**7). litmus spans 
the hydrog e n -ion domain: Pg * c&. 4.5 to S 3 and p-nitropbenol the hydrogen-ion domain 
*■-5 10 7 . 
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Tp illustrate the matter further, observations were made of the size of the 
gelatinous precipitate appearing when potassium chloride extract is satu- 
rated with sodium hydroxide. In connection with these investigations, with 
the help of a strip of red and of blue litmus paper placed over the surface 
of the solution before filtering, and left for about an hour, observations were 
made of the reaction of the potassium chloride solution after it had stood five 
days with the soil. The results of the investigations are given in table 11. 

As litmus is the indicator which has hitherto been used in qualitative in- 
vestigations of the reaction of the soil made bv the author, the results obtained 
from them arc used as a basis for comparison. As was the case in earlier 
investigations [see further (10, p. 431)] the reactions from the litmus solution 
are expressed in the following way: 

Strongly acid (yellowish-red color). 

Acid. 

Slightly acid. 

Neutral — slightly acid. 

Neutral (violet color). 

Neutral — slightly alkaline. 

Slightly alkaline. 

Alkaline. 

Strongly alkaline (strong blue). 

MlmuS'lcst. As is sta ted before, investigations have been made with the use 
of litmus solution and litmus paper. With the former we have also made an 
investigation comparing the reaction of the soil specimens when in, the moist 
condition in which they were at the beginning of the experiment, and in an 
air-drv condition, As table 11 shows, the drying has had no effect upon the 
reaction which may be positively stated— in any case only shades of dis- 
tinction (to the one side or to the other). Therefore, in making qualitative 
reaction-determinations it seems to be a matter of indifference whether the 
soil is used in a moist or an air-dry condition, and the somewhat larger amount 
of CO* which we take for granted is present in moist soil, has no appreciable 
influence on the determinations. 

In many soils, and especially in the loam and day soils, the reactions in 
the litmus solutions appear sharpest and most distinct when dry soil is used, 
for the liquid becomes more quickly and easily clear. 

The presence of a larger amount of fine particles floating about gives the 
litmus solution a more reddish color than the reaction itself causes, and cn 
this account the determination is somewhat uncertain. In such cases the 
litmus-paper test is to be preferred. On the whole the results obtained from 
this method correspond satisfactorily with those gained by using the litmus 
solution; but the latter is generally better able to express small differences in 
the reaction of the soil. As the strongly add reaction (the characteristic 
^yellowish-red color in the litmus solution), does not appetfr at ah in the 
paper-test, the litmus solution must be considered to give more complete 
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information about the reaction of the soil than litmus [mpe r, and as the farmer 
method is quicker, which is of no small importance when examination* arc 
to be made on so large a scale as the case is here in Denmark, 1 * that method is 
on the whole to be preferred. In cases where a doubt arises (very opaque 
liquids, sec above), the litmus paper test should always 1* used for control, 
and as it does not require much practice for making a correct valuation of 
the color changes, it would perhaps also lx* the liesl method to use when the 
determinations are made by persons of little exjxTience, 

Doikvhara's nitrite-method. As the table shows, this method is very sensi- 
tive to small changes, all the soils which in the litmus-test have liecn proved 
more or less acid (strongly add— slightly add), have caused a strong blue 
color to appear on the potassium iodate starch jxiper. The same is true of 
various neutral soils both with and without /I zatobarUr vegetation, hirst, 
when litmus shows a decidedly alkaline reaction (slightly alkaline— strongly 
alkaline), the blue color ceases to ap[>car on the paper. Therefore, according 
to the investigations previously made <>f the lime-requirement of the soil (10), 
we find a large number of non-lime-rcquiring soils which tested by Daiku- 
hara’s method give an acid reaction. On the other hand, it is fairly safe to 
say that all the soils which do not color potassium iodate starch paper blue 
have no lime-requirement. Vet, as all these; soils, either by the litmus test 
alone, or in connection with the Azotobocler test prove to lx- rather rich in 
basic substances, the nitrite method docs not fill any particular need,. either 
in making a general determination of the reaction of the soil or of its lime- 
requirement. Yet to have demonstrated the case and sjiecd with which this 
reaction takes place, is of interest in another connection, for it suggests that 
to use nitrites as nitrogen fertilizers, which has often Ixrcn under consideration, 
would for many types of soil risk a considerable nitrogen loss. 

The iodine method according to Baumann and Gully. The results of the 
detenqjnations based on the Baumann-Gully method on the whole agree well 
with the results of the reaction-determinations made by the litmus-test, 
All the soils which have shown a distinct add reaction for litmus have caused a 
distinct yellow coloring of the solution used. In the case «>f the neutral soils 
the liquid is either slightly yellow or colorless, and no distinction can be 
made between neutral soils with and without Azotobacter vegetation. In 
using sods that show a positive alkaline reaction for litmus solution (slightly 
alkaline— strongly alkaline), no iodine has been freed. 

Nor does this method give information as to the reaction of the soil other 
than has appeared from the litmus test, and as the method is rather detailed, 
*nd the reagents very sensitive to the COj in the air, we need not expect that 
it will (day an import an t part in making a qualitative determination of the 
^attionof the soiL 

P«mtropkmol method . The results of the reaction-deUnninations when this 

*1* tkeytais jfcfQ-1916, using the combined litmus and Avfobader test (l to I) mg- 
fated by tit iutfaoe, about 40,000 sod specimens were rammed. 
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indicator is used agree in general very well with those with the litmus solu- 
tion. The soils which show acid reaction for litmus have either — and this is 
usually the case — decolored the solution, or else caused no change in the 
original very slightly yellowish tinge of the liquid. In the case of soils 
showing a neutral reaction for litmus, there is a distinct difference between the 
two groups, with and without Aiotobadcr vegetation, for the former colors 
the liquid somewhat more yellow than the latter. There are, however, a few 
exceptions to this rule, the soils which for litmus are decidedly alkaline show, 
with one or two exceptions, among the slightly alkaline soils, the very strongest 
possible yellow color (greenish-yellow). The use of p-nitrophenol must on 
the whole be considered to give very g<xxl information as to the reaction of the 
soil, and in certain cases where the litmus test has shown a neutral reaction, 
this indicator may l>e used with advantage in supplementary investigations. 

However, litmus has this one advantage over all other indicators— it shows 
distinct' changes on both sides of the neutral point, and on this account no 
other indicator can supplant it in ordinary qualitative determinations of the 
reaction of the soil. 

In addition to these named, experiments have been made with various other 
indicators— fur example “neutral red, “ which like litmus has its turning-point 
in the neighborhmxl of the true neutral point. Unfortunately, this indicator 
can not I* used in reaction-determinations of the soil, as it is to a larger or 
smaller extent discolored by it. 

In connection with these investigations, an experiment has been made 
with a colorimetric measurement of the hydrogen-ion concentration in the 
filtrates from the mixtures of field soils and water. The experiment has given 
negative results in that there seems to be an indication that the colorimetric 
method cannot generally be used in determining hydr gen-ion concentration 
In the watery soil-extracts, a condition which must be largely explain d by 
an insufficient appearance of “buffers’' [see further, S. P. L. Sfirensen J[ 3, p. 
17)]. There is a large quantity of these present in the soQ itself. In 
a colorimetric determination of the reaction of the soil, we are reduced to 
work ng with mixtures of soil and water, and an exact determination of the 
hydrogen-ion concentration in watery soil-extracts can, therefore, in general 
be made only by the electro-metrical method. 

In connection with the investigations of the methods for a qualitative de- 
termination of the reaction of the soil referred to above, quantitative deter- 
minations of the ability of the soil to free add have been made, the potassium 
chloride method suggested by Daikuhara being used in part, and the caltium 
acetate method in part. 

The main results of the investigations of mineral soils are grouped together 
in the summary in table 12, and in figure 4, which deals particularly with the 
soils with which both the caldum acetate and the potassium chloride method 

been used. 
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cording to both methods, is, on the average, greatest in those soils giving an 
acid reaction for litmus, and decreases with decreasing acidity and increasing 
alkalinity (for litmus). But aside from this agreement in the prmdjta’ char- 
acteristic, the two methods show very imjx^rtant and characteristic differences 
in the results of the invest iga lions. 

First, in considering the relation of the soils to the jmtassium chloride solu- 
tion we find that only those soils showing a decidedly odd reaction for litmus are 
able to free acid from this solution to an appreciable extent; and it is imjxtrtant 
to note (table 11), that lh!s ability, though varying greatly in degree, is yet 
present in all soils showing an acid reaction. 1 * The amount of acid freed 
from the potassium chloride solution decreases greatly as the neutral reaction 


TABLE 12 

Relation between ike rrartion < if mineral sods for hltnus and their ability lo free a<id 
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Slightly add 
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Neutral... 
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Neutral — slightly alkaline 
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is approached, and at that point the amount of acid freed is so small that in 
the case of held soils a quantitative determination is inaccurate. (It must be 
remembered that the figures expressing the absolute acidity are obtained by 
multiplying the values found with the factor 3.) The variations in the ability 
of this poup of soils to free acid as well as in the following groups are very small . 

*• This dole agreement between the results of the potassium chloride and the litmus 
methods may be said to make even more probable tbe supposition (page 144) that the 
ability to coir Stems red (in opposition to Baumann and Gully’s opinion) is caused by the 
PKaence of tndy *cU-re*cU*i substances in the soil in question. 

G. Tucber reaches a similar result by anotk-r method . By an electro- me trie maw cement 
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The investigations of peat soil made (table 11, show that high-bog peat 
specimens have a far greater'ability to free acid from potassium chloride than 
low-bog peat specimens, even though the latter show an add reaction for 
litmus. When an acetate solution is used, the difference between the amount 
of acid freed by high-bog peat and that freed by low-bog peat is far less ap- 
parent, and one of the low-bog peat specimens (no. 7) even shows almost as 
great an amount of acid freed as the high-bog peat specimens. 

The slightly blue color in the litmus solution (slightly alkaline reaction— a 
reaction almost coincident with the absolute neutral point, which is charac- 



Fto. 4. Diagram Showing the Relation Between the Reaction or the Son. rot 
Lmtus and its Ability to Free Acid 

terized by the presence of an equal number of H and OH-ions) indicates that 
add is no longer being freed from the potassium chloride solution, and 
where the reaction is more alkaline (for litmus), the potassium chloride solu- 
tion is in almost every instance distinctly alkaline (for phenolphthakin). 

The results at hand may, with considerable certainty, be said to suggest 
that the freeing of add from the potassium chloride solution is alone deter- 
mined by the presence of truly acid-reacting substances in the soil in question. 
This condition was already apparent in the results, shown in table 11, of the 
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These results agree very weU with those from reaction-determinations made 
according to the normal litmus method. 

As has been mentioned before, Daikuhara states that when a surplus of 
ammonium is added to the filtrate of the potassium chloride solution, which has 
stood with add mineral soil, a gelatinous precipitate always apjx*ars. This is 
composed of aluminum— or (in certain instances), iron -hydroxide, and the 
proportion always bears a definite relation to the acidity of the solution. 
Therefore, he concludes that thef acidity of mineral soils is solely dej>endcnt 
on the appearance of certain acid aluminum—or iron— compounds (add 
silicates). 

To throw further light on the question notes have !>een made of the size 
of the precipitate appearing when the potassium chloride solution is saturated 
with sodium hydroxide. The results ap[)ear in table 11. 

As may be seen, all strongly arid, and , m or eater, the majority of add or 
slightly acid , mineral soils , Rite a whitish gelatinous precipitate, whereas no /#* 
vesication has ner shown this to be true, of neutral or slightly alkaline soils. 
The amount of the gelatinous precipitate increases with the increased acidity 
of the liquid (measured according to the potassium chloride method), and 
when the number expressing this is over 6, the precipitation has always taken 
place. 

These observations seem to confirm Daikuhara ’s statements, even though 
they are unable to give positive assurance as to whether the acidity of the 
mineral soils depends, as that author claims, solely on the presence of 
substances of the above-mentioned kind. 

In humus soils we notice that in neutralizing the extracts from the high- 
bog peat samples, a considerable gelatinous precipitate appears (in this instance 
reddish-brown in color), and that the amount of the precipitate (as in mineral 
soils) seems to bear a certain relation to the amount of acid freed from the 
potassium chloride solution. One would thus be inclined lo suppose that the 
acidity of this type of soils depends to a large extent on acid iron compounds, 
Spcdal research work on this point would have particular interest. 

Low-bog peat specimens, which, as has been said, have a somewhat limited 
power to free add from a potassium chloride solution, showed, after the 
potassium chloride extract had been neutralized, no gelatinous precipitation, 
even though the soil specimens themselves gave a decidedly acid reaction for 
litmus, 

In addition to the determinations already mentioned, a determination has 
beat made according to methods previously used (10j, of the lime in peat 
sods which is soluble in ammo nium chloride. As table 1 1 shows in the two 
bumm types examined, no connection has been found between the acid freed 
from acetate or potasaum chloride solution, and the content of lime soluble 
® mnmonnan chloride in the soil, 

II we now QBBHBe the results from the acetate method, we will imme- 
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chloride method. This is due to the fact either that in using the latter method 
one is unable to obtain as correct an expression for the absolute acidity of the 
soil as from the acetate method, or that the acid may be freed from the cal- 
cium acetate solution not only by the action of truly acid-reading substances, 
but also by substances of another character. 

In table 12 is a summary of the results of the investigations of mineral 
soils. From these statistics it appears that the values expressing the degree 
of acid obtained according to the acetate method, in contrast to those from 
the potassium chloride method, diminish regularly from add to alkaline reac- 
tion, and that thus both neutral and alkaline soils have the power of freeing a 
considerable amount of acid from an acetate solution. Resulting from this 
the relation between the amounts of acid freed from potassium chloride and 
calcium acetate is far closer in distinctly acid than in approximately neutral 
soils. 

This condition appears plainly in figure 4, showing the relation between the 
reaction of mineral soils for Utmus, and the degree of acid freed from the two 
salt solutions named. While the curve representing the absorption of bases 
in the potassium chloride solution runs almost parallel with the abscissa axis 
until acid reaction begins and then rises quite sharply, the curve represent- 
ing the calcium acetate solution never reaches the abscissa axis, and rises 
gradually. A closer examination of the single determinations made, calcium 
acetate solution being used, table II, shows that the relation between the add 
freed and the reaction of the soil is far from being as regular as this diagram 
would seem to indicate. While the variation in the ability of neutral soils to 
free acid from potassium chloride solution is always very small, and the 
amount of acid freed is always much less than in distinctly add soils, when 
calcium acetate solution is used with neutral soils the variations in the amount 
of acid freed are very large, and neutral field soils quite frequently free even a 
larger amount of acid than very distinctly acid-reacting soils. 

These characteristic differences in the results obtained from the two methods 
are presumably due to the fact that the absorption of bases, and the conse- 
quent freeing of add from the calcium acetate solution is not, as is the case 
with potassium chloride solution, solely caused by the presence of truly acid- 
reading substances , but also by the presence of substances of quite another 
character, whether these be adsorptively unsaturate colloids, or other non- 
add reacting substances with the ability to absorb bases from salts of weak 
adds. *’ 

In peat soils it is interesting to note (table 11) that in the relation between 
the two amounts of add freed from the two liquids there is a characteristic 
difference between high-bog peat and low-bog peat, the relation being 4 to 5 
times doser in high-bog peat than in low-bog peat. 

As has been mentioned before (page 118), Daikuham claims that by using 

his potassium chloride method one is able to express quantitatively the lime- 
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requirement of the soil. If his claim is correct, only tho*e soils giving ac id 
reaction for litmus (based on the investigations mentioned alwve) have a 
distinct lime-requirement while all neutral soils either have no lime-require* 
ment whatsoever or a very small one. u Previous investigations made by 
the author and 0. H. Larsen (10) show that a large number of field wills with 
neutral reaction for litmus have a decided lime-rcqui remen t, and that when 
lime is added to these soils, sometimes a greater result is obtained than from 
the distinctly acid soils. In such instances, adding the* 100 kgm. of car* 
bonate of lime, which according to the results obtained from t hi method would 
usually suffice, is practically without effect. And too, with many of the 
distinctly acid soils, measuring the amount of lime according to the results 
of the potassium chloride method will give far too small an amount for prat:* 
tical purposes. For many decidedly acid soils, the figures expressing the 
absolute acidity are l>etween 5 and 10, and in such cases, according to the 
method of computing given here, the addition of 600 to 1200 kgm. of 
carbonate of lime per hectare, should be sufficient to fulfill the limc-re- 
quirement in the soil. However (partly due to the fact that in the field it is 
impossible to mix the lime with the acid soil so thoroughly as in the retorts 
in the laboratory), and judging from practical exjieriencc and the results of the 
field experiments, such small amounts of lime are far too insignificant entirely 
to fulfill the lime-requirement of the soil. 

However, even though by determining the acidity of the soil we are unable 
to state positively the extent of its lime-requirement , yet a quantitative acid 
determination can in many cases give suggestions as to the magnitude of this 
need, and there is no doubt that soil specimen no. 3313, showing an aridity 
content corresponding to ca. 150 cc. of 1/10 N arid per 100 grams of dry soil 
requires a considerable amount of lime for satisfying its lime-requirement, for 
according to this method of computing, it is necessary to add ca. 18, (XX) kgm. 
of carbonate of lime per hectare merely to neutralize the soil. 

Of the methods which at the present time seem to give the belt information 
in regard to the degree of the aridity of the soil, the potassium chloride method 
is the one most deserving of attention, and its use will in many instances be a 
great assistance in making a diagnosis of the condition of the soil. 

It is generally supposed that a larger amount of lime is necessary for sat- 
isfying the lime -require men t of day soils than of sandy soils. If this suppo- 
sition is correct, we have reason to expect that the former soils within the single 
reaction groups (and the groups with and without Azolobacter vegetation) 
po®eas ft greater ability to absorb bases than the latter. 

To throw light on the matter the material at hand was treated as table 13 
shows. This summary includes the results obtained from table 11, and in the 

"A* amount of add freed corresponding to 1 cc. 1/10 N acid for 100 gram* v>il will 
require iv. 130 kgm. CaCO, for nwtmlmng the arid content in the upper 20 cm. per 
(*e farther, pip 145). 
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case of the acetate method those from table 6 as well. A distinction is 
made among 5 degrees of heaviness in soil, which in the last division of the 
table are grouped together in two classes— day soil and sandy soiL 
In looking over the results obtained from the acetate method, we see that 
the day soil in all three reaction groups and in the groups with and without 
Azoiobacter vegetation possesses, on the average, somewhat less ability to 
absorb lime than the sandy soils of the corresponding groups. In using the 
potassium chloride method the relation is quite the opposite, for the clay soils 
with add reaction— or by the Atoicbackr test— without the ability to cause 
Aiotobacter development, possess on the average more than twice as great 


TABU 13 


Comparison bthtttn the ability of day and of sandy soils to fret acids 



* Includes groups: Strongly add, add and slightly add. 
t Indudes groups: Neutral-slightly add, neutral and neutral. 

X Includes groups: Slightly alkaline, alkaline and — slightly alkaline,— strongly iBaSttt. 
f as. v , — Asotobacter vegetation. 


an ability to free adds as the sandy soils of these groups. In neutral and 
alkaline soils, and in those soils causing Atdobackr development, the ability 
to free add from potassium chloride is, as has been mentioned before, to small 
that it is impossible to indicate the differences in the degree of this ability for 
various soils, 

As the comparison made shows, & different result is obtained a c cord in g to 
whether the caldum acetate or the potassium dtloride is It is 
impossible for the present to state which of these two methods can on the 
whole give the most helpful information as to the hme-i£$fBiR8Knt of the 
soil With these <teta we are unahfe to verify the extent to which ti* above- 
Dined supposition tkt time-poor dav soflamnsK on theiraue i miter 
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supposition is correct in the case of mineral soils showing an acid reaction 
for litmus, for the results appearing from the potassium chloride method 
suggest decidedly that add clay soils require on the average a far greater 
amount of bade substances to attain a neutral reaction than acid sandy 
soil s. 

ra. SUMMARY or THE MAIN RESULTS OF THE INVESTIGATIONS 

As a result of the investigations made, it seems to U* necessary to dis- 
tinguish sharply between the absolute acidity of the sod, and Us ability to fm 
adds (absorb bases). 

The majority of methods suggested for making a quantitative determina- 
tion of the aridity of the soil give no information as to the content of truly 
add-reading substances in the soil, t.e., substances which in solution cause a 
hydrogen-ion concentration greater than corresponds to the value 10 7 ; but 
only of its ability to absorb bases, which is partly determined by the presence 
of arid-reacting substances, and partly by the presence of non-lmse saturate 
colloids, or other non-acid reacting, but base -absorbing substances. 

We still lack a method for making a positive quantitative determination of 
the aridity of the soil, in the meaning of the word given above, even though 
the methods suggested by Hopkins and his collaborators, and later by Daiku- 
hara with the use of chloride solutions, seem in many cases to give valuable 
information on this point. 

In determining the ability of the soil to absorb bases, a method based on 
Baumann and Gully’s principles, in which acetates are employed, should 1* 
preferred to Tacke and SUchting’s method, not only because it give* results 
which are more certain and approach the absolute values more closely, but 
also because the investigations may be made far more quickly than according 
to the latter method. 

Baumann and Gully’s claim that no free adds exist in sphagnum peat is 
probably •mcorrect. The results of the investigations made here must be 
understood to mean that the ability to absorb bases characteristic of this 
type of sol as well as of others which show an arid reaction for litmus, is to 
every instance partly dependent on the appearance of truly acid-reacting sub - 
dances, a result whfeh coincides fairly well with the claim made in a former 
paper (9), that raw high-bog peat contains a considerable amount of such 
substances. The further daim made by the above-mentioned scientists, and 
later repeated by Ramann, that tfie ability of a soil to color a neutral litmus 
solution red need not be an expression for the presence of free adds in it, but 
is solely caused by the ability of sen! colloids to free acids from neutral salts, 
» ifeo incorrect, for it has been proved that there is no closer connection be- 
tween the ability of the soil to free adds, determined according to the calcium 
Reflate Method, and its reaction for litmus, and furthermore, that many of 
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that it is only those soils with a distinct acid reaction for litmus which are able 
to an appreciable extent to free acid in a potassium chloride solution, must, 
on the contrary, be said to indicate that the ability of the soil to color neutral 
litmus solution red is due to the presence of truly acid-reading substances in 
the soil in question. The importance of the litmus test in making soil in- 
vestigations, especially in examining the requirement of the soil for basic 
substances, which in practice is its lime-requirement, is therefore easily 
understood. 

A determination of the base -absorption power of the soil is not sufficient 
for determining its lime-requirement, for it has been found that many of the 
soils, which, based on former investigations, were considered to require lime 
(such as those nut causing Azotobacier vegetation under the A zotobacter 
test) possess less power to free acids in a calcium acetate solution than those 
which do not require lime (such as those causing Azotobacier vegetation un- 
der the Azotobacier test). Nor can we expect a determination of the acidity 
of the soil to give positive information as to whether or not it requires lime. 
As has been proved previously, all mineral soils showing an acid relation for 
litmus have a large lime-requirement. In such instances a quantitative de- 
termination of the acid content of the soil which expresses the amount of lime 
necessary for neutralizing the acid present, will also give reliable though in- 
sufficient information as to the degree of the lime-requirement of the soil. 
However, we must remember that many soils which show a neutral reaction 
for litmus, have a decided lime-requirement and in such cases it is impossible 
to use the acidity determination in determining the degree of the limc- 
requirement of the soil. 

At this point it is well to emphasize the fact that the qualitative deter- 
mination of the lime-requirement, according to the combined litmus and 
Azotobacier tests in general use in Denmark at present, can to a certain extent 
give information as to the degree of the lime-requirement of the soil. Add- 
reacting soils which only to become neutral require a certain amount of lime, 
doubtless need, on the average, a far more considerable lime addition to ful- 
fill their lime-requirement than neutral lime-requiring soils without A zoto- 
bacter vegetation, which presumably in the majority of instances should be 
and are content with the addition of a proportionately small amount of lime. 
To elucidate further the question which has great practical importance, in- 
vestigations must be made in connection with a larger number of field experi- 
ments in the use of lime. * 

As the author has previously stated, it is probable that the question of the 
lime-requirement, of the soil is predominantly a question of the presence or 
absence of certain easily-decomposed acid-saturating calcium (or magnesium) 
pounds, If the problem is such, the efforts to find & quantitative expres- 
sion for the Lime-requirement must be in the direction of methods which on 
, express the amount erf lime-fertilizer necessary for sopplviag tfy fg| ft 



DETERMINING THE REACTION OF S OILS 


177 


sufficient quantity of such compounds. To what extent there art possibilities 
for finding such a method, and whether or not it should rest upon a chemical 
or a biological foundation, must for the present remain unanswered. 11 
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Fi r a long time man has \xxn intensely interested in studying the nitric 
nitrogen of the soil. He has learned that its presence in a soil is necessary 
for the production of plants, and hence is essential to his own existence. The 
nitric nitrogen in water is used as a measure of its purity. Recently it has 
been used in the manufacture of many synthetic compiunds; especially is 
this true of explosives. Civilized nations have therefore come to prize greatly 
those substances which are rich, or comparatively rich, in nitric nitrogen. 
Hence, the literature on the subject is voluminous, and many methods have 
been developed for the determination of nitric nitrogen. Some of these’ are 
accurate and workable if used on the substance for which they Were intended, 
and is used under suitable conditions. Others scarcely reach the dignity of 
qualitative tests. The more important of the methods have Ijcen listed and 
described by others (56, 18). Hence, it is needless for us to consider them in 
detail here. The majority of the methods have been developed for the de- 
termination of nitric nitrogen in water, fertilizers, ami various substances 
comparatively easy to handle. Many arc known to be inaccurate when used 
on substances rich in chlorine, while others are unreliable if used on material 
high in organic matter. The conditions requisite for the successful use of 
some of the methods when used on substances high in soluble salts or various 
colloidal materials are not fully understood; hence, this work has been under- 
taken with the hope of perfecting a method suitable for the determination 
of nitric nitrogen in soils, especially those rich in soluble salts. 

A method for the determination of nitric nitrogen in soil must be accurate 
when applied to substances containing either much or little nitric nitrogen. 
It must be accurate when used on soils having large quantities of soluble salts 
snd those containing large amounts of organic matter. It should be fairly 
easy of manipulation so that a great number of determinations can be made 
® a short time. 

This last factor would eliminate all of the gasnmctric methods, for, while 
accurate, they require considerable time as well as expensive complicate! 
apparatus. The Busch nj£on (11) method is not applicable to soil as there 
QaQy jfl $jl which interfere (31, 39; in the method, and 
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Dc varda (14), Tiemann-Schulze (22), Baussingault indigo (23) and Schldsing 
(38) methods, while organic matter is claimed to be without effect on the 
Ulsch (41) method. 

Results obtained by the electrolytic reduction method vary with a number 
of factors, namely, the concentration (25) of the add, strength of current, 
kind of cathode (36), the deposition of copper at the cathode, whether smooth, 
spongy, or amalgamated, while chlorides (53) if present interfere. 

The sodium amalgam method yields a mixture of products (IS) according 
to the conditions of the experiment. Among these are nitrogen, nitrous 
oxide, hydroxylamine, hvponitrite and ammonia. The tin reduction method 
is not reliable in the presence of organic matter, and the reduction to hy- 
droxylaminc is not quantitative (28). Furthermore, neither it (32) nor the 
phcnylamine (16) method is applicable in the presence of ferric salts. 

The titration of nitrates with ferrous sulfate (5) is not suitable for the 
determination of small quantities, while chlorides interfere. The results of 
the brucine method (29) vary with the acid and are not quantitative. The 
phenoktisulptunic acid method, while probably me of the most accurate for 
the determination of nitric nitrogen, is not applicable to colored solutions 
unless first clarified and the < rganic matter oxidized (49) and soil salts—es- 
pecially the chlorides and sulfates -cause a loss of nitrates (30, 45). 

The iodometric (19, 54) method is unsuited for the determination of nitrates 
in soil, as many factors interfere and the distillation must be conducted in a 
current of carbon dioxide. Even under this condition it is far from being as 
accurate as many of the other methods. 

Alberti and Hempel (l) obtained excellent results with the Ulsch method 
on both pure nitrates and complex manures. L. ven Wissel (54) used the 
Devarda and the Ulsch methods cn solutions containing 16.5 per cent of 
nitrates. With the Ulsch method he recovered 16.38 percent, while with 
that of Devarda he obtained 16.42 per cent Schmdger (43) in comparative 
tests with the Raab-Bottcher, Ulsch, Devarda, and KjeldahFFoster methods 
obtained low results. Klut (27) considered the Schulze -Tiemann method 
best for the determination of nitric nitrogen in water and sewage, with 
the Ulsch method as a second choice. Bartow and Rogers ( 4 ) compared 
the aluminum reduction, the phenoldisulphonic add, and the hrudne sulfuric 
add methods on water of known nitrate content; none of the results were 
satisfactory, as indicated by many wide differences in the check determinations 
of the same method. The aluminum reduction method was then carefully 
investigated and adopted as best for the water containing chlorides. Burgess 
(27) investigated the aluminum reduction method, using solutions of known 
nitrate content, and pronounced the method accurate even in the presence of 
large quantities of soluble salts and organic matter. ' 

From the above-dted literature it may be seeufb&t none of the methods 
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aluminum reduction and the Ulsch methcwls arc l>c$t. 1'herrforc, in this 
work we have investigated these two methods, and on account of its extreme 
accuracy in the absence of chlorides, sulfates, and soluble organic matter, and 
because of the fact that the conditions of its use have Ixvn so carefully in- 
vestigated (13), we have used, wherever practicable, the phmnldisulphonic 
acid method for comparison. The methods as used were therefore the 
aluminum reduction as modified and described by burgess (10), the phenol- 
disulphonic acid method as descried by Stewart and Greaves (Mi), and the 
Ulsch method as described by Ulsch (51). 

In place of the specially constructed [>car*shaped glass tula’ used by 
Ulsch we have used in the neck of the reduction flask a 2-hole siopjwr through 
which passes a bent lube which dips into a vessel containing water. Through 
the other opening in the stopper is jiassed a separatory funnel. This pre- 
vents the loss of any of the nitrate or ammonium sulfate due to the mechanical 
action of the rapidly evolved hydrogen. It also makes fiossible the addition 
of the sutfuric add in small quantities, thus insuring complete reduction with 
smaller quantities of both iron and sulfuric acid than when the acid is all 
added at once. A series in operation Is shown in Plate 1. 

PREPARATION OF A CLEAR FILTRATE 

The investigator of “alkali soils" has difficulty in obtaining a clear fil- 
trate because in the watery extract of such soils we often find the degree of 
dispersion of the colloidal disperse phase so great and in such a stable form 
that the solution nay be kept for years (7) without flocculation, hurther- 
more, the particles of such a disperse phase are so small that it is irri|)os8iblc 
to separate them by means of filtration. It is, however, imperative, especially 
when using the phenoldisulphonic add method, that the soil extract be free 
from colored colloidal material. Still further, no work has been done, so far 
as we know, to ascertain the influence of these colloids on the various reduc- 
tion methods. It is quite possible that if the colloidal material be protein- 
aceous in nature, subsequent treatment may yield from it ammonia which 
would thus vitiate the results. It is, therefore, essential that we have reli- 
able methods of preparing a clear aqueous solution of the soil nitrates. The 
ideal method would be one which yielded a dear solution without filtration. 
This would necessitate the addition of a floccuiani to the soil infusion and 
such a substance should be rapid in action, remove only a minimum quantity 
of the nitrate from solution and must not interfere with the sensitiveness of 
the method. 

In our search for such an agent we have been guided by two main lines of 
evidence; first, those sdbstances which have proved most efficient in floceu- 
lufeg other cofloids from%beir dispersing media probably would be most 
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The work of Linder and Picton (33) Ls especially valuable in this connec- 
tion, as they tested the precipitating powers of various salts on arsenious 
sulfide solution. Aluminum sulfate was the most efficient compound used, 
followed by aluminum chloride. Ferric sulfate was only alxmt one-third 
and calcium salts were only une-fourth as effective, while it required 3200 
times as much sodium chloride as aluminum sulfate to bring about the same 
effect. Furthermore, McGeorge (34) has found aluminum sulfate the most 
efficient tlocculant for clay. Hut while Wolkoff (58) found the aluminum 
compounds among the best, there was a great variation, depending upon the 
soil. This is a fact which may Ik* expected when we recall Hardy’s rule that 
the precipitating power of an electrolyte for a colloid depends on the valence 
of the ion which carries the electric charge opposite to that of the dispersoid. 
The colloids found in the soil may l>e either the electro- negative colloid, clay, 
or the positive or negative organic colloid. 

Buhlert and Fickendey (9) recommended the addition of 2 per cent of 
sodium chloride, while King and Whitson (26) used potassium alum. But 
the quantity of alum recommended by them gave with some soils (44) a 
cloudy solution which had to be tillered before it could be read in the colorim- 
eter. Furthermore, in the presence of sulfates there is a loss of nitrates 
when the phcnoldisulphonic acid method is used. Chamot (12) and co- 
workers found aluminum cream the best precipitating agent of several tested 
for organic matter, and that it occasioned no loss of nitrates. But Lipman 
and Sharp (30) found potassium alum, aluminum geam, and bone black all 
decidedly unreliable, as they all induced losses of nitrates in the phenoldi- 
sulphonic acid method. They found lime to be much more reliable, the 
losses of nitrates incurred through its use being small. But it must n t be 
used in this method in connection with chloroform, as the double decomposi- 
tion which takes place under this condition forms chlorides, thus interfering 
with the accurate determination of nitrates (47). We have used very exten- 
sively in our work (46) on soil nitrates the Chamberland-Pasteur filter, which 
gives a clear solution and occasions only slight losses of nitrates (8). 

From the above renew it would appear that the most likely flocculants 
are sodium, potassium, and iron alum, ferric sulfate, lime, finely precipitated 
calcium carbonate, and talc. Hence, these, together with the Chamberiand- 
Pasteur filter and the centrifuge, were tested on two soils — one a brickyard 
clay, the other very high in organic matter. 

Two grams of each reagent were used in 500 cc of water containing 100 
grams of the soil. The mixtures were shaken for ten minutes in a mechanical 
shaker and then stood upright. After standing for ten minutes most of the 
solutions were quite dear and were pipetted off. They were compared, the 
one with the other, in a colorimeter with the result that a column 100 cm. 
. deep of the lime-teated solution had a turbidity equivalent to a column of the 
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Both soil-water mixtures, without a tWeulant, were dear alter centrifuging 
fifteen minutes at a speed of 1 >(X) revolutions per minute. Soil-water mixtures 
to which calcium carbonate or talc hud been added were not clear after standing 
several hours. 

The quantity of nitric nitrogen in the clear solution was determined by the 
aluminum reduction, the Uisch reduction, and the phonoldisuiphonic add 
methods. The average results obtained for the day soil arc given in table I, 
w'hile those for the soil high in organic matter are given in table 2. Deter- 
minations were made of the nitric nitrogen in 20 grams of soil, also determina 
tions of the quantity in 20 grams of soil to which had iwn added 10 mgm. 
of nitric nitrogen. In place of reporting the results for each separate deter 
mination we have reported the average, together with the standard deviation, 
according to the following formula: 

R = * J— S 

>«(«-!) 

in which 5 m the sum of the squares of the, difference Inrlwetn each result 
and the average of all the determinations; and n « the numlvr of determina- 
tions in the average. 

It was thought unnecessary to use the phenoldisulphonic acid method in 
the presence of any of the sulfates, as previous workers have shown these 
substances to interfere with the accuracy of the method. 

The results obtained An the soil alone by the Uisch method are invariably 
higher than those obtained by either of the other methods. They are also more 
uniform in the method of Uisch than in the other methods. Furthermore, 
as may be seen from an examination of the reported standard deviation, the 
agreement between duplicate determinations is. better than with the other 
methods. The greatest deviation in the Uisch method is only *0.14. In the 
aluminum reduction method it is *0.39, while in the phenoldisulphonic arid 
method it is * 1.235, but in this case the error is great when calcium carlxmate 
was used as the flocculant and the solutions were very turbid when ana- 
lyzed. But even with allowance for this, the variation between duplicates 
is much greater than with either of the other methods, for wc find that the 
error b great even where the solution was filtered or centrifuged. These solu- 
ijoas were clear, but the colored soluble colloids which are often in soil solu- 
bo&s, and which it is impossible to remove without oxidation interfere in the 
phenoldisulphonic arid method. 

The average quantity of nitric nitrogen recovered by the Uisch method 
*here 10 nigm. of nitric nitrogen were added to the soil with the various floc- 
ttdtots was 99 per cent The minimum quantity (93 per cent) was obtained 
*here the centrifuge was used, and the maximum (101 per cent) where the 
iron alum was used. The average for the aluminum reduction method was 
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.fan#! nitrogen recovered 10 71 9.10 13 06 18 22 9 02 

Hint deviation. . . *0.52 * 0.30 * 0 371 *1 235 * 0 21 
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tion in results where the phenoldisulphonic acid method was used is very 
great, amounting in the extreme to over 100 per cent. It is interesting to 
note that where the calcium carbonate was user! as the flocculant/ usually 
greater quantities of nitrates were recovered than when the other clarifying 
agents were used. This n ay Ik* due to the absorption of some of the nitrate 
by the flocculated colloid or to the precipitant carrying down mechanically 
some of the nitrates with the colloids, or in the turbid solutions the fine ma- 
terial left in suspension mayfbntain nitrogen compounds which on subsequent 
treatment yield ammonia. This latter explanation does not seem plausible on 
examination of the results given in table 2, where we have a loam soil rich in 
organic matter. In this series the increase where talc or calcium carbonate is 
used as the flocculant is no greater than it was with the clay soil, yet the sus- 
pended nitrogen-carrying colloid and soluble organic matter would be several 
times greater in the loam than in the clay soil. 

The results, as a whole, for the loam soil are similar 'to those obtained with 
the clay. The Ulsch reduction method invariably gives the highest results 
with the least standard deviation. Moreover, the average nitric nitrogen 
recovered with the Ulsch method was over 99 per cent of the 10 mgm. of nitric 
nitrogen which had been added to the soil, while the aluminum reduction 
method recovers only 95 per cent, and the phenoldisulphonic acid method 
yields 103 per cent; hence, with both soils the best average and individual 
results have !>cen obtained with the Ulsch reduction method. Further, there 
would appear to be a num!>er of objections which may be brought against the 
aluminum reduction method, as proposed by Burgess. The method, as out- 
lined by him, permits of an appreciable loss of ammonia as one can invariably 
detect the odor of ammonia on removing the stopper from the reduction 
tube, and, this being the case, there would be a small loss, and the results 
which have been reported in the preceding tables indicate that this is a 
measurable quantity. It is necessary that reduction take place in a thermo- 
stat where the temperature can be carefully controlled, in order to obtain 
even fair results, and it requires several hours for complete reduction. More- 
over, even under these conditions we often find tubes in which little or no 
reduction has taken place, owing to coatings which may be on the fresh alu- 
minum (35), or which may deposit from the soil solution. Hence, the Ulsch 
reduction method would appear to be better suited to the determination of 
nitric nitrogen in soil than the aluminum reduction method. 

There is nothing in these results which would indicate that a greater error 
is introduced by the use of the Chamberland-Pasteur filter than by the use 
of a flocculant, and it is certain that where the phenoklisulphomc add method 
is to be used the solution should be prepared by centrifuging or filtering 
through the Chamberland-Pasteur filter. With the Ulsch method results so 
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Ilocculant, both the phenoldisulphonfc acid amt the aluminum reduction 
methods gave low results. Moreover, they claim that calcium carbonate is 
just as efficient in clarifying soil solutions as is lime; hut this is not in keeping 
with our experience, for many of the soil solutions with which we have to 
deal and to which either calcium carlnmatc or talc have I wen added are not 
clear even after standing several hours. For these reasons we have used the 
I’isch method on solutions which have Ixvn clarified hy Ixilh lime and alum to 
determine the minimum quantity of these flocculgnts necessary to produce a 
clear solution and to determine the influence of varying quantities ujxm the 
accuracy' of the method. The average results from such a test are given in 
table 3. They are the average of four or more determinations. The deter- 
minations were made at different times and on two different soils, hence are 
not directly comparable the one with the other, but each is comjKirable where 
it received different quantities of the rcsj>eclive ilocculant, Both were rich 
greenhouse soils. 

TABLE J 

Siiru found in UK) f jrawo n( sail to vhuk uuivm quant it it t of limr and alum had 

bm\ adftrd 


(?y*!»rmr or 

or KITt'HlKK WI SH IN Urf> 01 

i v mx or *mii u no wturwrn nr 


Lime 

j StWi'inH j 

Alum 1 

j SltteiftH i|rvi»lk»ft 

(T«*l 





0 5 

19 00 

^0 215 

0 14 

*0 014 

to 

18 50 

*0 m 

9 17 

*0 014 

20 

18 20 

*0 405 

9 51 

*-() 042 

50 

18.00 

*0 084 
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It may be seen from the results reported in tables J and 2 that solutions 
which have been treated with lime gave low results as compared with others 
which were clarified by the centrifuge or the Chamber land-Pastcur filter, and 
from the results in table 3 we find that the quantity of nitric nitrogen recov 
ered from a soil varies with the quantity of lime added. Furthermore, as 
may be seen from the results reporter] under “ stanflard deviation, the agree- 
ment existing between determinations marie on samples containing the same 
quantities of nitric nitrogen and lime do not agree. But, even in the presence 
of lime, in none of our work with the Ulsch method have we obtained such 
variation as is reported by Patten and Snvder when the aluminum reduction 
or phcooklisulphonic acid methods are used. But it is evident that lime does 
interfere, even in the Ulsch method. 

Where alum was used as the flocculant, clear solutions were obtained with 
0-5 gram and it is not likely that more than 2 grams would ever be required 
to clarify the solutions from any soiL The results obtained with this floccu- 
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important to note that the variation between different determinations is very 
small where alum was used as the flocculant. 

The low results obtained in the presence of lime are not due to the removal 
by the lime of colloidal organic material, which, if left in solution, may in sub- 
sequent treatment break down and yield ammonia, for similar low results are 
obtained when lime is added to a pure solution of sodium nitrate, as may be 
seen from the results given in table 4. 

* TABLE * 


Sitru nitro^H rrtorrrrri from solution* of sodium nitwit containing various Jiotcuhnis 


COVTKKn <1? t S»4> 

STOIC MT*nq*jf 

JTTASDAID 


FOl'ND 

DtvunoN 


*r»- 


40 mgm. nitric nitrogen 

30 88 

*0 150 

40 mgm. nitric nitrogen -f 5 grams lime 

38 84 

*0 599 

40 mgm, nitric nitrogen -f 2 grams alum 

30 03 

*0 128 

40 mgm. nitric nitrogen 4 10 grams Cat'Oj 

39 00 

*0 420 

40 mgm, nitric nitrogen *f 10 grams talc 

39 50 

*0.193 


There is nothing in these results which could be taken to indicate that alum 
interferes in the ULsch method any more than does the calcium carbonate Ind 
talc. But there is a small loss where the lime is used. The variation between 
determinations is no greater where the alum was used than in its absence, 
while where the lime has been used the variation between determinations is 
comparatively large. Hence, it would appear that potassium alum gives a 
clear solution with a minimum loss of nitric nitrogen and does not appreciably 
interfere with the accuracy of the method. 

TIME OF EXTRACTION 

The time necessary for water added to a soil to dissolve th$ nitric nitrogen 
within that soil may vary greatly with the condition of the soil when the water 
is added, as well as the treatment given the soil-water mixture. But if the 
water be not left in contact with the soil for a sufficient length of time, some 
particles may not be wet; hence, some of the nitric nitrogen will be left un- 
extracted— if left too long, dentriheation may take place. Yet we find a 
large variation in the time recommended by different workers. King and 
Whitson (26) extracted the soil in a mortar with continual grinding for two 
minutes, and this is the time which has been used very extensively by us 
(46), Buhlert and Fickenday (9) agitated the soil with water for one-fourth 
of a minute at intervals of five minutes for thirty minutes and then filtered. 
A similar procedure was used by Gutzeit (20), while others (55) extracted for 
two hours. Sazanov (40) found that longer contact of the water with the 
soils than enough to allow the soils to settle leads to a loss of nitrates* 
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'Hie difference found is only what could be attributed to experimental 
error. Hence, we may conclude that the ratio of soil to water is imma- 
terial, provided we do not add sufficient nitric nitrogen to give a saturated 
solution. Hut it is important that the water in the sample be taken into con- 
sideration. The facts that the same quantity,of nitric nitrogen is extracted 
with the varying quantities of water and that practically 100 per cent of the 
nitric nitrogen added to the soil is recovered in the various experiments re- 
ported in this work, make it very doubtful if Allen and Bonazzi’s (2) contentions 
are justified, that the determination of the nitric nitrogen in the water extract 
does not give a determination of the nitric nitrogen in the soil. 

l ! SF. OF AN ANTISEPTIC 

The majority of workers assume that if the soil is to stand in contact 
with the water any length of time, an antiseptic should be added. Yet, we 
have no definite information on the quantity which should be added in order 

TABLE 7 

Silric nitrogen mowed from soil after varying lengths of lime 


MILLtUK AMS or JirrtOGEK IKCOVEUD IX 


nut 

1 

| 

M 

3 

i 

•a 

■u 

3 e 

14 

in 

m 

-8 S 

§0 y 

§+*58 

| 

*o 

3 o 

5 

Sj 

w 

iss 

■:is 

j. 

1 

V 

jl 

« 

Nitric nitrogen at first 

36.85 

*0.03 

53.35 

* 0.35 

72.85 

* 0.16 

Nitric nitrogen after 24 hours 

38 .53 

*0 03 

57 44 

* 0.28 

74.23 

* 0.07 

Nitric nitrogen after 48 hours 

34 00 

w 

o 

® 

to 

55.28 

* 0.30 

70.00 

*0 04 

Nitric nitrogen after 120 hours 

26.00 

*0.10 

50.40 

* 0.06 

67.20 

* 0.13 

Nitric nitrogen after 144 hours 

19.90 

*0.02 

46.24 

* 0.60 

53.95 

* 0.22 


to^e effective, and, in many cases, the quantity added may actually acceler- 
ate instead of retard or stop the biological transformations going on in the 
soil. Moreover, it is not immaterial as to what antiseptic be raed, for chloro- 
form (47) used in the presence of lime with the phenoldisulphonic acid method 
gives inconsistent results. 

In order to determine the error which may enter, due to the standing of the 
soil solution, we treated 100* gram portions of a rich garden soil with water 
and varying quantities of nitric nitrogen and determined the quantity of 
mtric nitrogen present after varying lengths of time. The average results 
for a number of determinations are given in table 7, 

It is interesting to note that no nitrogen is lost from the solution con* 
taining only alum during the first twenty-four hours, and the amount lost 
during the first forty-eight hours where thymol was used amounts to less than 
3 mgm, Jt must be remembered that this is a soil heavily lade n with host 
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manure, The solutions to which thymol had been added lost no nitrogen 
during the first forty-eight hours, but by the end of one hundred and forty- 
four hours practically all of the nitric nitrogen had disappeared. This may 
have been due to dentrificaticm, or to the rapid multiplication of other micro- 
organisms within the solutions which were favored by the thymol .and had 
transformed the nitric nitrogen into protein within their Indies. 

Where chloroform was used the loss was very slight, even after tine hun- 
dred arid forty-four hours, but it is interesting to note that where the thymol 
or chloroform was used the results are higher than in their absence. This is 
not due to the prevention of bacterial growth, for the results are higher at 
first in the presence of the antiseptic than in its absence. And we have found 
this to be the case in many other tests which are not rqxrted here, further- 
more, in the absence of thymol and chloroform where the 20 or 40 mgm. of 
nitric nitrogen were added, practically 100 per cent was recovered in the three 
determinations made during the first forty-eight hours, but where the antiseptic 
was added, especially the chloroform, the quant ty recovered is often consid- 
erably greater or less than that added, 

However, the quantity of nitric nitrogen lost from a mixture of soil and 
fresh horse manure may be considerable, even where the 2 grams of aluto 
have been used as a flocculant, as is seen by the following results. 



UliK 

At.t'M 

Milligrams of nitric nitrogen found at first 

48.14 

48.94 

Milligrams of nitric nitrogen found after 24 hours 

4* .5-1 1 

41.58 

Milligrams of nitric nitrogen found after 72 hours 

44 50 

22.42 

Milligrams of nitric nitrogen found after 96 hours 

45.80 

20 .V) 


Here we find no loss of nitric nitrogen during the first twenty-four hours 
either in the soil solution or in that to which sodium nitrate had been added, 
and even after forty-eight hours the loss was extremely small. Rep^ed 
tests on ordinary fertile soil kept at 24°C. in solutions showed no loss flter 
twenty-four hours and the loss was always very small after forty-eight hours. 

That the added antiseptic, if used in too small a quantity, may actually 
increase bacterial activity and thus increase the loss of nitric nitrogen, may be 
seen from the results reported in table 8. In this series a soil rich in manure 
was used; to one set was added only the flocculant— 2 grams of alum— to 
the second 2 grains of alum plus 2 cc. of a saturated solution of thymol, and 
to the third 2 grams of alum plus 0.5 cc. of chloroform. All were kept at a 
temperature of 24°C. The results as reported are the average of a number 
of determinations. 

While in this we are dealing with solutions with optimum conditions 
for (Nitrification, the loss in the presence of lime is small, but in the case of 
the alum it is appreciable. This, however, is a soil extremely rich in nitric 
nitrogen and the results probably represent a maximum dentrificalion, and 
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■JABLE 8 


Nitric nitrogen in soil ajkr varying length: of time 


TiEAmisr 

-a 

S 

ik 

H 

4 

V. 

0 

35 
? * 

V 

* 

Z 

si 

5 '+ 

z u 

< a 
«S 

’3 

to ~ 

* o 

t" 

* 
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0 

?5 

13 

fc° 

IS 

4 

A 

si 

il 

t a 

!i 

|i 

S5 

P 

Soil f 2 gram* alum. 

Soil + 2 grams alum 4* 20 

48 00 

*0 0.1 

47.63 

*0 025 

45 20 

*0 04 

35.00 

*0.09 

33,60 

*0.00 

mgm. nitric nitrogen. . 

Soil 4 2 gram* alum 4- 40 

67 .96 

*0 05 

67 26 

*0 025 

65 44 

*0.03 

58 14 

*0.09 

55.34 

*0 05 

mgm. nitric nitrogen 

Soil 4- 2 gram* alum 4- 

89 68 

*0.06 

87 28 

*0 033 

84.34 

*0 06 

77 01 

*0.05 

72.85 

*0 57 

thymol 

Soil + 2 grams alum 4- 
thymol 4-20 mgm. ni- 

49 04 

*0 05 

49 00 

*0.07 

48.30 

*0.10 

4.00 

*0.22 

5.00 

*0.57 

tric nitrogen 

Soil 4* 2 grams alum + 
thymol 4- 40 mgm. ni- 

69 36 

*0 05 

67 68 

*0 03 

67 96 

*0 10 

4 40 

*0 19 

4 00 

*0.05 

tric nitrogen 

89 26 

*0 05 

88.26 

*0.068 

8.26 

*0 04 

1.40 

*0.35 

4 00 

*0 00 

Soil 4* chloroform 

Soitgh chloroform 4 20 

51 80 

*0 10 

51 80 

*0 03 

51 30 

*0 04 

i 

43.40 

*0.04 

37.80 

*0.00 

mgm* nitric nitrogen 

Soil 4* chloroform 4* 40 

71 94 

*0 08 

71.87 

*0 09 

71 46 

*0 05 

60.66 

*0.11 

57.55 

*0.07 

mgm. nitric nitrogen 

AS 46 

*0 11 

91 06 

*0 04 

88 26 

*0.14 

80.84 

*0 30 

72.86 

*0 17 


such activity would never be reached with average soil. But even this loss 
can be prevented by the use of chloroform, as may be seen from table 9 which 
shows the quantities of nitric nitrogen recovered from a soil manure mixture 
in water at 24°C. after varying lengths of time. 

By the end of three hours the soil to which no antiseptic had been added 
had lost one-half of its nitric nitrogen, while during twenty-four hours it 
had been reduced to 0.83 mgm. The soil to which the 2 grams of alum only 
slowI y n ** r * c nitrogen so that after seventy-two hffljjrs 
its amount had been reduced to one-half that present at the beginning. 
Where the chloroform was added the quantity remains fairly uniform through- 


TABLE 9 

Xilric nitrogen from soil and manure after varying lengths of time 


munresr 4 

miumjM of jrrntic Hmouxa ibviv 

In befinaiof 

Alter 24 
born 

After tt 
bom 

After 12 
boon 

Soil, no antiseptic 

3 064 

0 826 

0.49 

0 56 

Soil + 2 grains alum 

3 117 ' 

2.732 

2.59 

1,96 

Soil + 2 grains alum -f 0. 5 cc. CKO,. 

3 067 


3.06 

322 

So3 + 2 grains alum + 1,0 cc. CHC3*. . 

2.956 


2,90 

2.91 

Seal + 2 grains alum + 2.0 cc CHC1* 

MEM 


2.90 

2 J9 

Soil -f 2 grains alum + 3.0 cc CHO,. . 

2 790 

2.910 

IK 

m 





Per cent of nitric nitrogen recovered 
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out the seventy-two hours and it would appear that 0.5 cc. of chloroform is 
ample to prevent loss of nitric nitrogen. But it has been our experience that 
where the analyses are completed immediately, more concordant results are 
obtained without than with chloroform. The average results on both, rich 
soil and a soil manure mixture, are shown graphically in figure 1. In this the 
quantity of nitric nitrogen in the soil at the beginning of the experiment has 
been considered as 100 per cent. 



Rg. 1 Curve* showing per cent of nitric nitrogen recovered in sample of soil treated 
by different antiseptics after varying lengths of time. * 


The soil with 2 grams of alum during the first twenty-four hours lost 0.8 
per cent of its nitric nitrogen, while those to which chloroform or thymol 
had teen added tost nc me. By the end of one hundred and sixty-eight hours 
the Sod plus 2 grams of alum had tost 30 per cent, the soil with the chloroform 
while that to which the thymol had been added had 
$ nitric nitrogen. The loss from the horse manure soil 


had hot 27 per cent, 
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0. 5-gram portions of potassium nitrate were reduced at varying temperatures 
with appropriate quantities of iron and sulfuric acid were as follows: 


Per ceni 
reduced 

20*1.'. fur two hours 95 

30V. for two hours 97 

40 V. for two hours 100 

,J 0V. for eight minutes 99.5 

0X)V. for two minutes . 98 9 


This is in keeping with the results obtained by us where 20 mgm. of nitric 
nitrogen were reduced at varying temj)cratures. 

The results shown in table 12 would indicate that the reduction is not 
complete even after four hours at the lower temperature, but that when the 
solution is boiled all of the nitric nitrogen is recovered. It is important to 

TABLE 12 


/YrtT«fi/jCM ./ fulfil' nitrogen recovered in various reductions 


temper a rent: 

TIM K 

PERCENTAGE 

o» :orvic 

NITROGEN RK- 
COVEEED 

STANDARD 

DEVIATION 

25V. 

houri 

2 

93.00 

±0.58 

5<1V 

2 

94.50 

±0.15 

25 V 

3 

91 40 

±0 62 

50V 

3 

96.65 

±1.00 

25V 

4 

97.70 

±0.12 . 

50 V 

4 

98.75 

±0.03 

Cold 1 hour. Boiled until hydrogen ceased . 


99.75 

±0.04 

Cold, then boiled ten minutes 


99.75 

±0 04 

— Jik — . 


1 



note that the variation between the determinations is very great when the 
temperature is low and the time given for reduction short, but where the re- 
duction was conducted at 50°C. for four hours, or by boiling the solution, the 
agreement was very good. Therefore, it would seem to be advisable to finish 
the reduction at boiling temperatures and to return the liquid carried over 
mechanically to the reduction flask bef6r£ the evolution of hydrogen has 
ceased, so as to insure reduction of any nitric nitrogen which may have been 
carried over by the first rapid evolution of hydrogen. 

INFLUENCE OF VARIOUS SALTS 

Many of the solutions obtained from the arid and semi-arid soils are very 
rich in soluble salts; hence, it is necessary that the method used for the de- 
termination of nitric nitrogen be reliable even when used on solutions contain - 
ing large quantities of soluble salts. Therefore, we have made determinations 
using solutions to which had been added various salts which may occur in the 
soil solutions. These naturally fall into three series treated as follows? 
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The first series contained 20 mgm. of nitric nitrogen in 500 cc. of water; 
the second, 20 mgm. of nitric nitrogen and 5 grams of one of the salts given 
in table 13 in 500 cc. of water; the third series contained 20 mgm. of nitric 
nitrogen, 5 grams of one of the salts, and 100 grams of soil and the 500 cc. of 
water. The soil used in this last series, as an average of ten determinations, 
had yielded 0.728 mgm. of nitric nitrogen from 100 grams of soil. 

The average quantity of nitric nitrogen recovered from the nitric nitrogen 
solution was 98.5 per cent, exactly die average quantity recovered where the 

table u 


Milligrams of nitric nitrogen recovered from various solutions 


solution 

CONIAJNINCJ 
20 MOM. OF 
NITRIC 
NITROGEN 

STANDARD 

DEVIATION 

salt added 

20 mgm- 

MIRIC NITRO- 
GEN Pt.I S 
l ft, CENT 
SALT 

STANDARD 

DEVIATION 

20 Mgm. 

NITRIC VITRO 
GEN PM'S 100 
GRAMS Soil. 
Pl.t S 1 PER 
CENT SALT 

standard 

DEVIATION 

20.16 

±000 

NaCI 

19 80 

±0 03 

20 36 

* 0 10 

19.62 

±0 00 

Xa 5 SO< 

19.60 

±0 (X) 

20 46 

±0 17 

19 82 

±0 03 | 

Na 2 COj 

20 1ft 

±0 14 

19.98 

*0.12 

19.47 

±0.04 

KCt 

19.47 

±0.03 

19.75 

±0.00 

19.79 

±0.03 

k,so 4 

19 58 

±0 09 

20 07 

* 0 03 

19.61 

±0.13 

k 2 co, 

19.79 

±0 03 

20 50 

±0.09 

19.71 

±0.01 

Ca Cl, 

19.93 

±0 07 

20 07 

±0 03 

19 71 

±0.05 

CaSO, 

19 79 

±0.07 

20 27 

±0.17 

19 61 

±0 14 

CaCO, 

19.47 

±0 08 

20 18 

±0 08 

19.79 

±0 09 

MgCI, 

19.61 

±0 06 

20 18 , 

±0.06 

19.65 

±0 07 

MgSO, 

19.79 

±0 09 

20 03 : 

±0 09 

19.71 

±0 05 

MgCO, 

19.82 

±0 .09 

20.13 

±0 05 

19.55 

±0 04 

MnCl, 

19.57 

±0.05 

20 13 

±0 00 

19.68 

±0 04 

MnSO« 

19.75 

±0.00 

20 25 * 

±0 03 

19.60 

±0.06 

MnCO, 

19 63 

±0.03 

20 09 

±0 03 

20.13 

±0.04 

FeCl, 

20 12 

±0 05 

20 02 

±0 05 

19.88 

±0.12 

Fe,(S0 4 ), 

19.78 

! ±0.17 

19 22 

±0 17 

, 20 10 

±0.09 

Na,CO, 

19 99 

1 ±0.05 

20 17 

±0.05 



+ 







! N* 0, 






salt had been added to the solution. Where the soil, nitric nitrogen and salt 
were added, 98.8 per cent of the nitric nitrogen was recovered. Therefore, 
not one of the seventeen salts added has interfered in this method, for we 
find the quantity of nitric nitrogen recovered in presence of the salts, both in 
the pure solutions and with the soil, to be wilfcin experimental error the same 
as that obtained from sodium nitrate solution. 

Further, the agreement among determinations is just as good as in the 
absence of the salt. Moreover, these results give a fair idea of the accuracy 
of the method. 
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INFU'KNCK OF OTHER SCHSTAXCKS 

* Other substances which occur in soil and which may interfere are the 
soluble organic nitrogenous and non-nitrogenous constituents of soils and 
manure. The results obtained in the presence of a number of organic con- 
stituents are given in table 14. 

Both urea and glycocoll yield their nitrogen as ammonia in the Ulsch 
method, but, as may be seen from the above results, this error may be obvi- 
ated without a loss of nitric nitrogen by evaporating the alkaline solution to 
dryness before reduction. In many tests it lias been our experience that when 
dried blood was added to the soil with a definite quantity of nitric nitrogen, 
slightly less than 100 |w*r cent of the added nitric nitrogen was recovered. 
There can be but little doubt that this is due to the reacting of the sodium or 


TABLE H 

Silrii nitrogen t>M*iinr >i front various orgiiuir suhstonct ' c 


TXKArMKHT 

antic sirtoocs 

STANDARD DEVIATION 

0,5 grams |K*ptone . 

mgm. 

0 04 

! 

*0 17 

0.5 grams asjiar.igin iMrrkd 

o 09 

*0.05 

0.5 grains asparagin i Merk*> 4 10 mgm, nitric nitrogen 

10 02 

! *0 00 

0,5 grams hippuric acid ( Merksb 

0 07 

*0 07 

0.5 gram* hippuric acid t.MerksO 4* 10 mgm. nitric 
nitrogen. 

9 .96 

*0 17 

0 5 grams urea. 

55.65 

*1030 

0 5 grams urea 4- |0 mgm nitric nitrogen 

90 86 

*3.43 

0 5 grams urea 4 10 mgm nitrii- nitrogen boiled to 
dryness with 2 ec NaOH 

10 00 

*0 73 

10 grams dried Mnnd 4- 10 mgm. nitric nitrogen 

8 89 

*0 14 

0 5 grams gUeivoH f lOmgm. nitric nitrogen boiled to 
dryness with 2 o'. Nat >H 

9.93 

*0 00 


potassium nitrate with ti e proteins of the added blood. If the resulting 
compound is insoluble, it will settle from the supernatant liquid and thus be 
lost; while if a soluble compound is formed, subsequent reduction wiW fail to 
lilxTatc the nitric nitrogen. If this is the true explanation of the loss noted 
we can expect no better results with anv of the other methods yet in use. 

It is important to note in this connection that the disparate results, re- 
ported by some in nitrification experiments where large quantities of dried 
blood have been used. may. in %measure. be due to this loss of nitric nitrogen 
noted. However, it is likely that in the regular nitrification experiments, 
where only 1 or 2 per cent of dried blood has been added to the soil and this 
incubated for twenty -one days, the error would be very small. 

Experiments in which various quantities of artificial humus were mixed 
with varying quantities of nitric nitrogen showed that this addition did not 
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by using just a little less than enough add in the receiver to neutralize 1 lie 
ammonia distilled over and then titrating back the excess of ammonia with a 
standard acid, but we have always used an excess of acid, for Hopkins (24)' 
has pointed out that otherwise there may be a loss of ammonia. 

si MM ARY 

Clear soil extracts may be obtained by adding 2 grains <4 lime, ferric sul- 
fate, ferric alum, sodium alum, or jxilassium alum to tin* soil water mixture, 
by tillering through the Chamber land -Pasteur filter, or centrifuging. The 
last three procedures give a clear solution with a minimum loss of nitric 
nitrogen. 

Calcium oxide added to a soil-water mixture gives a clear supernatant 
solution, but the quantity of nitric nitrogen obtained from such a solution is 
low. This is not entirely due to the mcduiuical removal of the nitric nitro- 
gen with the precipitated colloid, for when calcium oxide is added to a dear 
sodium nitrate solution similar results are obtained. 

The same quantity of nitric nitrogen was obtained from soil when the 
ratio of soil to water varied from as low as I to 5 to as high as 1 to 25. 

No increase in nitric nitrogen is obtained by shaking a soil with water 
more than five minutes, provided the soil is well pulverized and thoroughly 
agitated during this lime. 

Very little nitric nitrogen is lost during twenty-four hours from soil water 
mixtures to which 2 grams of alum or 5 grams of lime have Ixren added, and 
no loss was noted from such solutions even after one hundred and sixty-eight 
hours when one part per thousand of chloroform had Ijccn added to the mix- 
ture. But when thymol had been added to such a solution, it accelerated 
the loss of nitric nitrogen. 

None of the following salts interfere in the Ulsch reduction method: chlo- 
rides, sulfates, or carbonates of sodium, potassium, calcium, magnesium, man- 
ganese and iron. Hence, none of the inorganic salts which may occur in the 
soil interfere. 

When urea or glycocoll are present, high results arc obtaned unless the 
alkaline solution is evaporated to dryness before reduction. This may be 
done without a loss of nitric nitrogen. 

When dried blood is mixed with a nitrate less than 100 per cent of the 
nitric nitrogen is recovered by this method. There can Ije but little doubt 
that this is due to the reacting of nitrate with the proteins of the blood. If 
the resulting compound is insolub’e it will settle from the supernatant liquid 
and thus be lost, while if soluble subsequent reduction will fail to liberate the 
nitric nitrogen; hence, we would find the same error entering with any of the 
other methods. 

The aluminum reduction method, as modified by Burgess for the determi- 
nation of nitric nitrogen in alkali soil, permits of an appreciable loss of nitric 
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One hundred grams of the finely ground soil, together with 500 cc. of dis- 
tilled water, arc plated in quart Mason jars and agitated for five minutes — 
preferably in a shaker. The solution is clarified by one of the following 
methods: 

1. The add it on of 2 grams of alum with the soil. 

2. Filtering through the Chamberland-Pasteur filter. 

3. Centrifugation. 

If the alum is used, no other antiseptic is necessary, but unless the analysis 
is to lie completed at once in either of the other cases it is well to add 0.5 cc. 
of chloroform to each sample. An aliquot part (100 cc.) of the supernatant 
liquid is pipetted off, and, together with 2 cc. of a saturated solution of sodium 
hydroxide, evaporated to about one-fourth of its original volume to free from 
ammonia. If urea is present, it is necessary to evaporate to dryness. To this 
is added 50 cc. of ammonia-free water, 5 grams of "iron -by-hydrogen" atld 
50 cc. of sulfuric acid (sp. gr. 1.55). If less than 40 mgm. of nitric nitrogen 
is to be determined, it is well to take a correspondingly smaller quantity of 
iron and sulfuric acid. The neck of the reduction flask is fitted with a 2-hole 
stopper through which passes a 50-cc. scj>aratury funnel and a bent tube which 
dips into a vessel containing water to prevent mechanical loss. The acid is 
slowly added and allowed to stand until the rapid evolution of hydrogen is 
over and then heated to Unjing for ten minutes. The contents of the side 
vessel should lie returned to the reduction flask lie fore the reaction is complete, 
thus nsuring the complete reduction of any nitrates which may have been 
carried over with the first violent evolution of the hydrogen. The contents 
of the reduction flask are transferred to a Kjeldahl flask, neutralized with 
sodium hydroxide, and distilled into standard add. The excess of acid is 
titrated kick with standard alkali, laemoid being used as an indicator; checks 
should be made on all the reagents, including the alum used as a flocculant. 
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During the last few years it has been recognized that the effects of certain 
so-called “alkali” salts on soil bacteria, as well as their n/tinn on higher pants, 
should have an important tearing on the development of methods of ret lama* 
tion of the alkali soils of the arid regions. It was for the purpose of throwing 
more light on this problem that the following ex]*riim*nls were carried out. 

Many experiments have been conducted to determine the concentration at 
which various alkali salts Income toxic to plants, but it remained for C. H. 
L’pman (8, 9, 10) to point out the importance of bacteriological studies along 
such lines. The investigations of this author have indicated that bacterial 
activities in alkali soils are very different from those in normal soils, and that 
the amount and character of the salts present determine the kind and extent 
of bacterial action occurring in such soils. 

He studied the influence of sodium chloride, sodium sulfate and sodium car- 
bonate on ammonifkation, nitrification and nitrogen -fixation. He found that 
all these processes are inhibited by the presence of certain amounts of these 
salts but the concentration at which each became toxic varied among the 
different processes. Thus the ammonifying and nitrifying bacteria were 
differently affected by the salts. The nitrifying bacteria were affected in a 
manner dSmilar to that shown with the higher plants, but such was not the 
case with the ammonifying organisms. The nitrogen -fixing organisms seemed 
to be more resistant to injury from the salts than either of the other groups 
studied. The results with nitrification which arc of social interest in this 
work showed that sodium carbonate lxicame toxic at a concentration of 0.025 
per cent, sodium sulfate at a concentration of 0.35 per cent and sodium chloride 
at a concentration of 0.1 per cent. 

The toxic effects of salts on nitrification have been considered in few other 
experiments. Deherain (2, 3) noted an injurious effect of sodium chloride on 
nitrification and J. G. Lipman (11) found that sodium chloride became toxic 
at 0.1 per cent but did not entirely stop nitrification. This latter experi- 
ment was carried out by the solution method. 

Headden (5, 6) and Sackett (12) have assumed the occurrence of a very 
intense nitrification in certain areas in Colorado to account for the excessive 
accumulations of nitrates occurring there, but Stewart (13) insists that such 
accumulations are not due to rapid present bacterial action, but to a comen- 
tration of the nitrates already present in the soils, the irrigation water 
merely furnishing a medium by which they are moved from place to place, 
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furthermore, he asserts that these accumulations of nitrates always occur 
with large amounts of other water-soluble salts. The study of the effect of 
salts on nitrification may throw some light on this controversy. 

Recent experiments by Kelley (7) on nitrification n semi-arid soils showed 
that 0.05 |>er cent of Na*COj was distinctly toxic to the nitrification of 1 per 
cent of dried blood, but as high a concentration as 0.4 per cent had no effect 
on the nitrification of 0.1 per cent of dried blood. When 0.15 per cent of 
ammonium sulfate was employed in the tests, 0.1 per cent of Na 2 C0> became 
toxic to nitrification, but the same amount was markedly stimulating when 
0.0625 |>er cent of ammonium sulfate was used. Similar results were secured 
with Na.S(b. 

No other investigations of a nature to be of value to the general problem 
have Urn carried out so far as the authors are aware. 

EXPERIMENTAL 

The purpose of the e\i>eritnents reported in the billowing pages was to deter- 
mine the concentration at which various alkali salts become toxic to the 
nitrifying bacteria. Alkali salts, in the &>n cent rat ion which was found in an 
alkali soil, according to chemical analysis, were added to a similar normal soil. 
I bus artificial alkali soils containing single salts and various combinations 
of the same salts were prepared. Comparative tests were run on a typical 
.alkali soil and it was desired by this plan to ascertain the relative and abso- 
lute toxicity to the nitrifying bacteria of various salts in actual concentrations 
found in the held. 

Alkali soil was then treated with sodium carbonate and sodium bicarbonate 
with and without the amount of gypsum necessary to react with the salt added 
in order to study nitrification under such conditions. 

Samples of alkali soil and of a similar normal soil were secured through the 
courtesy of the Agricultural Experiment Station of tire University of Wyo- 
ming. and served as a basis for the work. The tests were therefore carried out 
with typical alkali soil and a typical normal soil from the same region. 

Chemical analyses were made of the soils and the water-soluble calcium, 
sodium, magnesium, potassium, bicarbonate, carbonate, chloride and sulfate 
determined. 


The results of the analyses were as follow's: 



NORMAL SOIL 

ttltu sou. 


prrimt 

ft? 143* 

Calcium \LY 

0 0220 

0.0550 

Magnesium iMgh .. 

0 0064 

0 0096 

Sodium (XaV.. 

0 0796 

0 2570 

Potassium (K) 

0 0218 

0 0470 

Bicarbonate (HCO») 

0 0042 

0 1190 

Chloride iCJ) 

0 0003 

0 0084 

Sulfate <800 

0.0980 

0.8330 
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The ’aboratorv tests were carried out in tumblers with Iwith the normal ami 
the alkali soils according to the treatments indicated above. One-hundred 
gram quantities of the air-dried .sieved soil were weighed out . salt additii ms made 
according to the various series, 100 mgm. <>f ammonium sulfate added, the 
moisture content of the soils adjusted to the optimum, 5 eo. of a live-minute 
infusion of a fresh soil added to each soil to introduce a vigorous nitrifying 
flora, the tumblers were then covered and incubated for four weeks at room 
temperature, the moisture content ljeing kept up by additions of sterile water 
to weight every ten days. The nitrates present were then determined by 
the aluminum reduction method, modified somewhat from t lie procedure 
recommended by burgess (1). 

Serifs /. The effects of NaO on nitrification in normal soil 

The arrangement of this series and the results are slwwn in table 1 and figure 
1. AH the treatments were in duplicate and the untreated normal soil and 


TABLE 1 

Efiffts of NaCl on %itrifn alioti in normal « oil 


KrttKt 

* son. 

\.(i 1 

! 

N j 

AY Ft AM \ 



(ram 

mirm 

mym 

1 

Normal 

None 

i 2 J72K 


2 

Normal 

Norn* 

2 241ft ! 

2 2022 

3 

Normal 

(J 005 

3 1164 j 


4 

Normal 

0 005 

3 2400 

3 1812 

5 

Normal 

0010 

i 2 2316 


6 

Normal 

0.010 

! 2 5452 

2 3884 

7 

Normal j 

0 020 

2 0328 S 


8 

Normal 

0 020 

1 7161 

1 8746 

9 

Normal 

o m 

0 6608 : 


10 

Normal 

0 040 

0 9464 

0 8536 

11 

Alkali 

None 

2 08X8 


12 

Alkali 

None 

j 1 8312 

l 9000 


untreated alkali soil were used in this and all succeeding series for the sake of 
comparison. 

The addition of 0.005 per cent of NaCl gave a stimulation in nitrate pro- 
duction but the large amounts, at least beyond 0.010 per cent depressed 
nitrification. This latter amount apparently had no effect. 

The alkali soil gave a smaller nitrification than the normal soil and about 
the same as that receiving 0.020 per cent of NaCl. The toxic point for the 
NaCl in this test evidently occurred at about 0.02 per cent, which s very 
much lower than the concentration at which Lipman found toxicity. Dif- 
ferences in the soils tested may account for the variation in the results. It is 
apparent, however, that small amounts of NaCl stimulate nitrification, while 
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CCS Ct Of 5 &S OS CSS C* 


Perco/i rages of Sa/f 

l‘i». t. Kmrrs of NaH on Nitrification is Xorhal Soil 


Series ll. The effects of XajSO* on nitrification in normal soil 

This series was arranged in a manner s'milar to the preceding except that 
the treatments w th Na*SO* were much larger than those with NaCl. Jhe 
data obtained arc presented in table 2 and figure 2. 

The addition of the XajSO* up to 2.0720 per cent increased considerably 
the nitrifying power of the soil. The greatest ncrease was secured with 
0.5180 per amt of the salt, but the differences between the results with this 
application and with the larger amounts were small until 4.1440 per cent was 
added, when a distinct depression in nitrification occurred. The concentra- 
tion at which the sodium sulfate becomes toxic was therefore much higher 
in this soil than in Lipman's experiments, where the toxic point was found to 
be 0.35 per cent. The variation in the soil used would again *probably ex- 


EFFECTS 


. Effects 

KIMSK1 j * •» 


I 

Norma 

2 

Norma 

3 

Norma 

4 

Nonna 

5 

Norma 

6 

Norma 

7 

Norma 

8 

Norma 

9 

Norma 

10 

Norma 

It 

Alkali 

12 

| Alkali 




A/;//”#/* ///frvgs/9 //? Sf*//*gr*am& 
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sulfate simulates nitrification when added in small amounts, hut when the 
concentration is n creased beyond a certain point, which varies in different 
soils, it becomes distinctly toxic to the nitritiers. 


Series IJ L The effects of MgSO< on nitrification in normal sot’ 


'Phe arrangement of this series and the- results secured appear in table S 


and figure J. 


TABLE i 


T.fnt'i >il M|*S(), on nilrifiuttion in nor mat soil 


w»ta 

son. 

MtfhO. | 

* 1 

AVKRAOK N 



trtmt 

I 

m£m 

Mfm 

I 

Normal 

None 

2 5475 


2 

Normal 

None 

2 4841 

2 5108 

4 

Normal 

0 02.15 

4 0084 i 


4 

Normal 

0 0245 

4 2098 

4 1991 

5 

Normal 

0 0570 

! 44020 


(i 

Normal 

0 0570 

4 0292 i 

4.7156 

7 

Normal 

0 1140 

4 6008 


n 

Normal j 

0 1140 

4 6406 

3.6182 

9 

Normal 

0 2280 

4 1724 


10 

! Normal 

0 2280 

4 0604 

4 1161 

11 

{ Alkali 

! None 

2 0964 


12 

\ Alkali 

None 

2 0952 

2 0976 
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The MgSO* evidently stimulated nitrituali>>n in all the amounts used, 
that is, up to 0.22M) jx*r cent. The greatest stnmfarit » recurred. however, 
with the smallest applict ion 0.02.15 jkt cent, and the larger amounts brought 
alxtut smaller effects. If the application had Urn m teased U y»>n«l 0.22S0 
percent it seems that a depression in nit ritu at i< n would ha\e occurred, for the 
figures gradually decreased with increasing applicaii< n^. JiM where a ti >\i< 
effect from the MgSO, would occur, cannot, of course, U* Mated fi in tluo 
results, but it is probable that about 0.5 \* r cent would mnik the point at 
which depression would occur. 

Again it is seen that this salt, like the others tested, stimulates nittilaal '■ n 
when present in small amounts, but hev» ml a certain maximum u meutraii n 
undoubtedly becomes u xic. 

Series IV. The dials of (a( < ), on nittijualion in normal sot 1 

The effects of calcium carbonate upon crops and soils have commonly been 
found to be beneficial, with but few exceptions. It might be exacted, there 
fore, that the nitrifying bacteria would Ik* stimulated in a<ti< n by additions 
of this salt. 

Examining the results of this series in table 4 and figure 4, it will lx* seen 
that a stimulation in nitrification occurred when calcium carle nato was ap 


TAHI.E 4 

Effah of CaPOi on nilrilioition itt n»rvutl soil 


XvirtrR 

Miii. 

IV ()» 

N 




fr jib* 

mym 

mm 

1 

Normal 

None 

\ 5108 


2 

Normal 

Non*.- 

5 5564 

5 52r/> 

5 

Normal 

0 189 

5 5978 


4 

Normal 

0 189 , 

5 0700 

5 0519 

5 

Normal 

0 578 

5 8444 


6 

; Normal 

0 578 

5 9452 

5 8948 

7 

Normal 

0 750 

i 4 2728 


8 

Normal 

0 750 

! 4 5750 

4 5252 

9 

Normal 

1 512 

4 7452 


- 10 

Normal 

1512 

4 7824 

| 4 7028 

11 

Normal 

6 048 | 

1 1540 


12 

Normal 

0 048 ! 

1 W 12 

1 0976 


plied up to a treatment of 6 per cent. Somewhere between 1.512 per rent 
and 6.048 per cent occurred the toxic point for this salt on this particular soil. 
Unfortunately, the exact point was not ascertained. It is of considerable 
interest to note, however, the undoubted toxicity to nitrification indicated 
by the application of 6.048 per cent. Evidently calcium carbonate in small 
or reasonable amounts is beneficial to nitrification, but when the addition 
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^frcentayss* of Sa/t 

Flo. 4 Effects of CaCC)» on Nitrification in Normal Soil 

ganisms. This depression may not occur in other soils, but these results on 
one particular soil indicate that calcium carbonate may be applied to soils in 
too large amounts. 

Serifs r. The effects of NaHCOj on nitrification in alkali soil 

This series deals with the effects of sodium bicarbonate on nitrification in 
an alkali soil. The treatment of the soil and the results appear in table 5 
and figure 5. Examining the table, it is seen that the NaHCOj in additions 
up to and beyond 0.10 per cent stimulated considerably the nitrification 
process in this soil. Beyond 0.30 per cent, however, a distinct depression 
occurred which increased with increasing additions. 

When calcium sulfate was added with the sodium bicarbonate, all toxic 
effects of the additions were removed, as is indicated by the results of the 
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TABLE 5 


Effects of NaHCOj ok nitrification in alkali soil 


Ni'VBKt 

SOIL 

NaHCOi 

N 

AVKtAGI N 


Alkali 


mtm. 

mtm 

1 

None 

4 6172 


2 

Alkali 

None 

4 5416 

4 5794 

3 

Alkali 

0 05 

4 8740 



Alkali 

0.05 

4 7650 

4 8190 

5 

Alkali 

0.10 

5.4740 


6 

Alkali 

0.10 

5. 3228 

5 3984 

7 

Alkali 

0 30 

3 X.XM 


8 

Alkali 

0 30 

4 2148 

4 0506 

f 9 

Alkali 

0 50 

3 8360 


10 

! Alkali 

0 50 

3 91*16 

3 8738 

11 

Alkali 

1 00 

3 7MM 


12 

Alkali 

1 00 

3 1808 

3 4706 

t3* 

Alkali 

1 00 

4 9448 ! 


' 14* 

Alkali 

1 00 

4 8440 

4 8944 


* Plus 1.6197 grams CaS0 4 . 


Sodium bicarbonate appears, from these results, to have a stimulative effect 
on nitrification when added to soil to 0.10 to 0.30 per cent, but it becomes 
toxic to the process when applied at the rate of 0.30 per cent and beyond, the 
toxicity increasing with the addition. 


CcfSCf y 
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When calcium sulfate is added with the sodium bicarbonate in the proper 
amount to react with this latter salt, all toxic effect is removed and there is 
apparently no influence from the addition, except perhaps a slight increase in 
the nitrification process. 

Series VI. The effects of Na 2 C0 3 on nitrification in alkali soil 

The arrangement of this series was very similar to the preceding. It is 
shown in table 6 and figure 6 together with the results. 

TABLE 6 


Effects of NaiC0 3 on nitrification in alkali soil 


NUMBER 

SOIL 

Na^COs 

N 

AVERAGE N 



grams 

mgm. 

mgm. 

1 

Alkali 

None 

2.1476 


2 

Alkali 

None 

1.7948 

1.9712 

3 

Alkali 

0.05 

3.1528 


4' 

Alkali 

0.05 

1.8480 

2.5004 

5 

Alkali 

0.10 

1.6436 


6 

Alkali 

0.10 

2.5256 

2.0846 

7 

Alkali 

0.30 

2.2484 


8 

Alkali 

0.30 

1.6184 

1.9334 

9 

Alkali 

0.50 

1.9936 


10 

Alkali 

0.50 

1.5176 

1.7556 

11 

Alkali 

1.00 

1.2656 


12 

Alkali 

1.00 

1.7416 

1.5036 

13* 

Alkali 

1.00 

2.1252 


14* 

Alkali 

1.00 

1.8480 

1.9866 


* Plus. 1.30 grams CaS 04 . 



Psne ntoges of So/f 

Fig. 6. Effects of Na 2 COj on Nitrification in Alkali Soil 


The application of the sodium carbonate at the rate of 0.05 per cent gave a 
decided stimulation in nitrification. The 0.10 per cent addition, likewise, 
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depressions in the process which became greater as the size of the application 
increased. When calcium sulfate was added in the proper amount to react 
with the sodium carbonate there was no effect whatever from the addition. 
This result is in accord with that of the preceding series with the bicarbonate 
of sodium and the calcium sulfate. 

The concentration at which the sodium carbonate became toxic to the 
nitrifiers in this soil was much greater than that noted by Lipman. He 
found toxicity at 0.02S per cent, but stimulation occurred in this work up to 
0.10 per cent. His results with Na 2 C0 3 , however, were not considered satis- 
factory, as there was much mold growth on the soils which may have used up 
the nitrates produced, and losses may have occurred in the several filtrations 
through bone black which were necessary to the determination. However, 
the variation from Lipman ’s results may be due, as was concluded in the 
preceding series, to differences in the soil used. It is evident, however, that 
sodium carbonate, like the other salts tested, stimulated nitrification when 
used in small amounts, but depressed the process considerably when large 
applications were made. When calcium sulfate is used with the sodium car- 
bonate, there is no effect on the nitrifying bacteria. 

Series VII. The effects of CaSCL on nitrification in alkali soil 

The results in the preceding tables indicated that calcium sulfate applied 
with sodium carbonate and sodium bicarbonate neutralized the toxic effects 


TABLE 7 

Effects of CaS0 4 on nitrification in alkali soil 


NUMBER 

SOIL 

CaS0 4 

N 

AVERAGE N 



gram* 

mgm. 


1 

Alkali 

None 

4 1804 


2 

Alkali 

None 

4.3120 

4 2462 

3 

Alkali 

0.022 

4.4156 


4 

Alkali 

0.022 

4.4436 

4.4298 

5 

Alkali 

0.033 

4.4436 


6 

Alkali 

0.033 

4.5752 

4.4894 

7 

Alkali 

0.044 

4.5472 


8 

Alkali 

0.044 

4.6284 

4.5878 

9 

Alkali 

0.088 

4.4156 


10 

Alkali 

0.088 

4.3120 

4.3638 

11 

Alkali 

0.176 

4.1664 


12 

Alkali 

0.176 

4.3904 

4.2784 


of these salts. It seemed advisable, therefore, to ascertain the influence of 
the CaS0 4 when applied alone to the alkali soil. The treatments used and 
the results secured appear in table 7 and figure 7. 

It is apparent upon an examination of this table that the CaSChhad little 

effect Qfl nitrification. There seemed to be a slight stimulation with the 
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smaller additions, but the differences were not large. With the larger amounts, 
no increase was secured. The applications were not increased beyond 0.176 
per cent, so it is quite possible that further additions might have brought 
about an increase in nitrification. However, in the absence of suffiicent data, 
general conclusions cannot be drawn. The differences secured seem too small 
to conclude a stimulation of the process, but the results pay be considered to 
indicate the possibility of such a stimulation at least. 



Fig. 7. Effects of CaSCh on Nitrification in Alkali Son. 

Series VIII. The effects of CaC0 3 on nitrification in alkali soil 

When calcium carbonate was applied to the normal soil used in this work, a 
distinct stimulation of nitrification occurred up to 6.0 per cent. At that 
point, however, the activities of the nitrifiers were quite considerably depressed. 
It seemed desirable, therefore, to test the effects of that salt on nitrification 
in the alkali soil. 

This serire was arranged in a s milar manner to series TV except that the 
alkali soil \fs used. The arrangement of the series and the results are given 
in table 8 and figure 8. 

The small amounts of the CaCCb did not seem to influence nitrification, but 
when 0.378 per cent was used an increase in the process was noted. Further 
gains occurred with the larger applications up through 1.512 per cent. When 
6.046 per cent was added, however, a distinct depression in nitrification oc- 
curred. Evidently the maximum increase in the process through the use of 
CaC0 3 on this soil occurred at 1.512 per cent, or between that amount and' 
6.048 per cent. 

The absence of tests# using intermediate amounts prevents any definite 
point being established. It is evident, however, that just as was the case 
in the tests with the normal soil, CaC0 3 when applied in small amounts to this 
alkali soil increased nitrification, but when 6.048 per cent was used, a decided 
depression in the process occurred. Such an amount of CaCOa is rarely found 
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TABLE 8 


Effects of CaC0 3 on nitrification in alkali soil 


NUMBER 

son 

CaCOi 

N 

AVERAGE N 


'3k 

gram 

mgm. 

mgm. 

1 

Alkali 

None * 

2.1586 


2 

Alkali 

None 

1.8900 ! 

2.0243 

3 

Alkali 

0.189 

2.0188 


4 

Alkali 

0.189 

2.0440 

2.0314 

5 

.Alkali 

0.378 

2.1700 


6 

Alkali 

0.378 

2.2960 

2.2330 

7 

Alkali 

0.756 

2.3960 


8 

Alkali 

0.756 

2.4976 

* 2,4468 

9 

Alkali 

1.512 

2.7134 


10 

Alkali 

1.512 

2.9026 

2.8080 

11 

.-Alkali 

6.048 

1.0108 


12 

Alkali 

6.048 

0.7840 

0.8974 
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Series IX. The effects of NaHC0 3 , Na 2 C0 3 and CaS0 4 on nitrification in alkali 

soil 

This series was planned to test the effect of the carbonate and bicarbonate 
of sodium on nitrification in alkali soil in the presence of calcium carbonate 
and with and without the addition of sufficient calcium^ sulfate to react with 
the carbonate used. The arrangement of the tests and the results secured 
are given in table 9 and figure 9. 

TABLE 9 


Effects oj NaHCOj, Na 2 CQj, and CaS0 4 on nitrification in the presence of CaC0 8 in alkali 

soil 


S’ UMBER 

• ADDITION 

N 

AVERAGE N 

\ 


mgm. 

2.3296 

mgm. 

2 


2.5312 

2.4304 



2.9960 


4 


4.1440 

3.5700 

5 

6 

0.536 gram CaCOj -1* 1.00 gram NaHCOj 

2.6852 

2.5760 

2.6306 

7 

! 0.536 gram CaCOs -}- 0.044 gram NaHCOs 4* 0.072 
CaS0 4 ■ 

gram 

2.4640 

S 

0.536 gram CaC03 + 0.044 gram NaHCOs + 0.072 



gram 

2.9688 

2.7164 

9 


Lost 


10 

11 

12 


3.0016 

3.0016 


2.7104 


O 546 pram Pa m, 4- 0 056 m-nm Na«m, 

2.7552 

2.7328 

U 

0.536 gram CaCOj + 0.056 gram NagCOj + 0,072 
CaS0 4 

i 

gram 

3.0912 

14 

0.53^ gram CaC03 4- 0.056 gram Na 2 C 03 + 0.072 
rasa. 

gram 

4.2928 

3.6920 

15 

0.536 gram CaCOj + 1.00 gram NaHCOs 

2.8224 

16 

17 


Lost 

2.8224 

0.536 gram CaCOs + 0.056 gram Na 2 C 03 -j- 0.044 
NaHCOs 

gram 

2.5760 

18 

0.536 gram CaCO? 4 0.056 gram NajCOs 4- 0.044 
NaHCOs 

gram 

3.4272 

3.0016 





On examining this table it is apparent that calcium carbonate increased 
the nitrification process to a considerable extent. This is in accord with the 
tests previously discussed with calcium carbonate. The sodium carbonate and 
the bicarbonate both depressed considerably the activities of the Bitrifiers 
over calcium carbonate alone, the larger application bringing about a greater 
depression in the case of the bicarbonate, but practically the same results 
being secured with both amounts in the case of the carbonate. 

Some differences are evident here from the results secured with the use of 
the two salts without calcium carbonate. In those cases the small amount 



A&Y/yP'pfs? //? A7/Z//gs~&s77& 


EFFECTS OF ALKALI SALTS ON NITRIFICATION 221 * 

of the carbonates increased nitrification slightly, but n the presence of CaC0 3 
in this series, a depression occurred. This is an interesting difference and 
points to the fact that amounts of these salts which alone are non-toxic may 
become toxic when present with CaC0 3 . 

When calcium sulfate was used with the smaller amount of the sodium 
carbonate, the injurious effect of the carbonate was neutralized and no in- 
fluence on nitrification is noted. This is in accord with the results secured 
with the two salts in the absence of CaC0 3 . When the bicarbonate is con- 
sidered, however, the use of the calcium sulfate with the bicarbonate depressed 
the process more than was the case with the bicarbonate alone. This is 
exactly opposite from the results secured in the previous series in the ab- 



Check Co C$3 CaCCj CoCCj CoCCj CoCCj CoCCj CoCOs CoCCj 

0S3gm tiS3g/r> CSJgw C33gm Jjjgm CS3gw OJ3gw .053 gw 
' MoHCCj fto/yCCj JVatfCC, /VqgCCt, MtfjCOj A/fyC% A/oZ/Cfy 

/CO gw Offgw ,014 gw, CSCgw t OSCgw JOCgw OH gw 

CoSC* CoS Of ZJfyCCj 

Otego7, C7£gw CSC gw 

Fig. 9. Effects of CaCOs and NaHCOj, Na 2 C03 and CaS0 4 in the Presence of CaC0 3 
on Nitrification in Alkali Soil 

sence of CaC0 3 . Only one determination was made with the use of the 
bicarbonate alone, and hence that result may not be absolutely accurate, 
but the differences secured are definite enough so that it must be con- 
cluded that in the presence of CaC0 3 calcium sulfate does not neutralize the 
toxic effect of sodium bicarbonate. 

Wdien the bicarbonate and carbonate of sodium were applied together, the 
depression ii* nitrification was less than -with the sodium carbonate alone 
and about the same as that from the bicarbonate alone. 

These results, as a whole, show distinctly the toxic effects of the carborate 
and bicarbonate of sodium on nitrification in this soil in the presence of 
CaC0 3 . - Furthermore, smaller amounts became toxic than in the same soil 
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in the absence of CaC0 3 . CaS0 4 prevents the toxic action of sodium car- 
bonate, but it dees not seem to be similarly efficient with the bicarbonate in 
the presence of CaCCb. 


GREENHOUSE EXPERIMENTS 

Comparative experiments similar to the above were carried out in the 
greenhouse, nitrification tests being run on both the normal and alkali soils, 
after beans had been grown and harvested. In these pot experiments 10 
pounds of soil were used and the treatment of the normal soil was calculated 
to imitate alkali-soil conditions. The amounts of the various alkali salts 
added singly or in combination to the normal soil were the same as those found 

TABLE 10 


Effects of NaCl/NajSO^, MgS0 4 and CaS0 4 on nitrification in normal soil 


N'CTM- 

JBER 

treatment 

FIRST SAMPLING 

’ SECOND SAMPLING 

THIRD SAMPLING 

Average N 

Average N 
for pots 

Average N 

Average N 
for pots 

Average NT 

Average N 
for pots 



fngm. 

! mgm. 

mgm- 

mgm. 

mgm. 

| mgm. 

1 

None 

6.6570 


6.6010 


6.9060 


2 

None 

6.2748 

6.4659 

| 6.2916 

' 6.4463 

6.7088 

6.8074 

3 

0.005 per cent NaCl 

6.1562 


6.5464 

1 

7.0280 


4 ! 

0.005 percent NaCl 1 

6.0088 

6.0825 

1 6.5874 

; 6.5664 

7.0168 

7.0224 

5 

0 . 518 per cent NasSCh. 

6.5562 


6.5996 


6.3168 


6 

0.518 pci cent NajS0 4 . . . . 

5.9066 | 

6.2314 

6.3476 

6.4736 

6.4932 

6.4050 

7 

0.023 per cent MgS0 4 , . . . 

7.4466 


5.8660 

* 

6.8368 


8 

0.023 per cent MgS0 4 — 

6.5940 

7.0203 

6.4381 

6.1520 

6.9622 

*6 . 8995 

9 

0.189 per cent CaCOs 

6.4932 i 


6.6280 ‘ 


7.7420 


10 

0.189 per cent CaCO s 

7.3234 

7.1583 1 

6.7340 

6.6810 

6.6870 

7.2145 

11 

All four salts 

6.4288 


6.4932 


6.8152 


12 

All four salts 

6.5940 

6.5114 

6.1278 

6.3105 

7.0158 

6.9155 


by analysis in the alkali soil. The alkali soil received additions of calcium 
‘carbonate and of sodium carbonate and bicarbonate with and without additions 
of calcium sulfate. 

All the treatments were in duplicate, and the arrangement of the pots is 
shown in tables 10 and 11. 

The pots were weighed at the time of filling and brought up to the optimum 
moisture content, which was 20.0 per cent for the normal soil and 20.8 per cent 
for the alkali soil. The moisture content was kept constant throughout the 
experiment by adding water to weight. This water was added by means of a 
tube at the bottom of the pots, in order to prevent peddling.* The experi- 
ment was started on November 12, 1915, and beans seeded in all the pots in 
the attempt to ascertain whether the effects of the alkali salts would be the 
same on the crop grown as on the nitrifying organisms. After the crop was 
removed, samples were drawn and tested for nitrifying power on February 
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23, March 10 and March 20 for the normal soils, and on February 6, Febru- 
ary 25, March 12 and March 22 for the alkali soils. The procedure in these 
tests was the same as that already outlined, except that fresh soil was used, 
no soil infusion was added, and of course, no salts were used, the idea being to 
determine the nitrifying power of the soils receiving the various salts after a 
crop had been grown and after the salts had been present in the soil for a 
comparatively long period. 

The results of the tests of the normal soils are given in table 10 and figures 
10 and 1#, and of the alkali soils in table 11 and figures 12 and 13. , 




Fig. 10 - Fig. 11 

Fig. 10. Effects of NaCl, NajS0 4 , MgS0 4 and CaCOj on Nitrification in Normal 
§oil — Second Sampling (Pot Experiments) 

Fig. 11. Effects of NaCI, Na 2 S0 4 , MgS0 4 , and CaCOs on Nitrification in Normal 
Soil— Third and Fourth Samplings (Pot Experiments) 

Normal soil tests 

' Considering the results as a whole, it is apparent fronAable 10 that sodium 
chloride gave a very slight increase in nitrification. This increase was quite 
noticeable at the last two samplings. This effect of the use of 0.005 per cent 
of NaCl checks exactly with the results secured in the lavatory test with the 
use of NaCl as shown in table 1 . Evidently the stimulative effect of the NaCl 
on nitrification when amounts not exceeding 0.005 per cent were used continues 
for some time after the application is made, if these results in the pots are 
considered sufficiently definite to warrant conclusions. At any rate, no 
. toxic effect is seen. Na 2 S0 4 gave a slight toxic effect on the nitrifying power 
of the soil, as shown at the first and last samplings. A very slight increase 
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TABLE 11 


Effects of CaCOj, NaHCOg, Na 2 C0 3 and CaS0 4 on nitrification in alkali soil 


oi 

s 

» 

55 

treatment 

FIRST 

SAMPLING 

second 

SAMPLING* 

THIRD 

SAMPLING 

FOURTH 

SAMPLING 

Aver- 
age N 

Aver- 
age N 
for pots 

Aver- 
age N 

Aver- 
age N 
for pots 

Aver- , 
age N 

Aver- 
age N 
for pots 

Aver- 
age N 

1 

Aver- 
! age N 
for pots 



mgm. 

mgm. 

mgm. 

mgm- 

mgm. 

mgm. 

mgm. 

mgm. 

1 

None 

4.1370 


4.6844 


4.5150 


5.4955 


2 

None 

4.0614 

4.0992 

4.8454 

4.7149! 

4.7264 

4.6207 

f .2106 

5.3531 

3 

0.189 per cent CaC0 3 

5.4642 


4.9784 


4 5262 


5.4950 


4 

0.189 per cent CaC0 3 

5 6014, 

5.5328 

4.6592 

4.8183 

4.5703 

4.5482 

5.4418 

5.4684 

.S 

0.378 per cent CaC0 3 

Lost 


'4.7348 


4.7454 


5.8422 


6 

0.378 per cent CaC0 3 

5.5384 

5.5384 

5.8954 

5.3151 

5.1310 

4.9382 

5.3998 

5.6210 

7 

0.109 per cent NaHC0 3 

4.8174 


5.0414 


4.9560 


5.9528 


8 

0.109 per cent NaHC0 3 ! 

4.6601 

4.7384 

5.2696 

5.0435 

4.4716 

4.7138 

4.9518 

5.4523 

9 

0.218 per cent Na 2 C0 3 

4.9518 


4.9261 


4.5402 


15.9010 


10 

0.218 per cent Na s C0 3 

4.8622 

4.9070 

p. 1726 

5 . 5493 

4.8342 

4.6872 

5.7512 

5.8261 

11* 

0.109 per cent NaHC0 3 

4.9644 


6.0970 


4.8384; 


5.7512 

| 

12* 

0.109 per cent NaHCOs ! 

4.7710 

4.8677 

6.0088 

6 0529: 

4.8230; 

4.8307 

6.2216 

5.9864 

13f 

1 0.218 per cent Na 2 C0 3 j 

Lost 


5.6168 


4.9560 


7.0424 


14f 

0.218 per cent Na>C0 3 

5 5916 

|5.5916 

6.5170 

6.0669 

5.1310 

5.0440 

6.5324 

6.7874 


' Plus 0.177 per cent CaSO*. 










t Plus 0.261 per cent CaS0 4 . 
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Fic. 12 Fig. 13 

Fig. 12. Effects of CaC0 3 , NaHC0 3) Na 2 COz and CaSO* on Nitrification in Alkali 
Soil— First and Second Samplings (Pot Experiments). 

Fig. 13. Effects of CaC0 3l NaHC0 3 , Na 2 C0 3) and CaS0 4 on Nitrification in Alkali 
Soil — Third and Fourth Samplings (Pot Experiments) 
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occurred at the second sampling, but the difference was too small to be con- 
sidered significant. The laboratory tests showed a stimulative effect of 0.518 
per cent of Na 2 S (>4 on nitrification but the effect evidently disappears after the 
salt has been in the soil for several months and a slight toxic effect is found 
from this amount of this salt. MgS0 4 gave a beneficial effect on nitrification 
at all samplings except the second, and this is in accord with the results se- 
cured in series III, where 0.022 per cent of MgS0 4 gave a distinct increase in 
the process. The effect was not so great here and evidently the beneficial 
influence of the salt gradually decreased as the time since appl cation in- 
creased. After a still longer period it is possible that there would have been 
no effect whatever or the opposite influence from this salt, just as was noted 
with the Na 2 S0 4 . 

CaC0 3 in all cases gave a pronounced 'ncrease in nitrification and this 
result checks with that secured in the laboratory test. The effects of this salt 
evidently persist for a longer period after it is applied to the soil than is the 
case with the other salts just mentioned. This salt is so essential in soils for 
the process of nitrification to occur to the best advantage that its effect in 
increasing the process is easily understandable. 

When all four salts were applied together there was no effect on nitrifica- 
tion. The beneficial effect of the calcium carbonate just noted was not ap- 
parent in the presence of the other salts. The slight toxic effect from the 
Na 2 S0 4 noted when it was used alone evidently increases in the presence of 
calcium carbonate and this is offset by the beneficial influence of the CaC0 3 . 
Harris (4) found this fact to be true in his tests of the alkali salts on crop 
growth. It also forms a basis for the result secured in series VIII showing 
the toxic effect of CaC 03 when applied in larger quantities to the alkali soil. 

Alkali soil tests 

On examining the results of the nitrification tests in the soils fr % om the 
alkali pots it is seen that CaCOs in both amounts used increased the nitrl y- 
ing power of the soil. The larger amount gave the larger increase in all 
cases. The gains were generally quite considerable. Likewise, the NaHC0 3 
gave quite considerable increases in the nitrifying power of the soils. These 
results are in agreement with the laboratory tests in series V which showed 
decided benefit to nitrification from the use of 0.10 per cent NaHC0 3 . That 
series showed larger amounts than this to be toxic to the nitrifiers and ex- 
periments of others have shown that larger amounts are injurious, hence it is 
evident that this alkali soil does not contain any considerable amount of 
NaHC0 3 . With Na 2 CC> 3 , very similar results were .secured as with the 
bicarbonate. Distinct increases in nitrifying power were noted at every 
sampling. These results check fairly accurately with those secured in series 
VI which showed a stimulation in nitrification from the application of 0.10 
per cent and a depression at 0.30 per cent. It is quite possible that the 
turning point occurred in that case at about 0.30 per cent and that 0.20 per 
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cent would have shown an increase. Larger amounts of this salt, like the 
bicarbonate, depress nitrification, and hence it would seem that this alkali 
soil is not extremely high in this salt. When calcium sulfate was used with 
the sodium salts, in every case,- with both salts there was an increased stimu- 
lation in nitrification. The calcium sulfate alone in the laboratory tests in 
series VII showed no effect on nitrification in the alkali soil, so the effect 
here is evidently due to the combinations with the sodium salts. Series IX 
showed a slight increase in nitrification when CaSCb was applied with Na 2 COs 
in the presence of CaCCb, and that result may serve to verify the present. 
NaHC0 3 in that series did not produce this effect. It is apparent from these 
results that the nitrification process* in this alkali soil was'not low as a result 
of any excess of sodium carbonate or bicarbonate. Calcium carbonate in 
large amounts likewise did not depress nitrification, so the alkali condition is 
evidently not due to excess of this salt in the alkali soil. The laboratory 
tests and the tests in the greenhouse soil several months after treatment were 
in excellent agreement. 

Crop experiment 

As has been mentioned, beans were seeded in both the normal and alkali 
soils in the greenhouse tests. Four separate plantings were made in the 


TABLE 12 

Crop results of pots containing normal soils 


POT NUM- 
BER 

TREATMENT 

. t 

GREEN WEIGHT 
OP CROP 

I AVERAGE 

WEIGHT Of 
| POTS 

1 

None 

trams 

33 

trams 

2 

! None « . . 

39 

36.0 

3 

NaCl — 0.005 per cent 

41 

4 * 

1 NaCl — 0.005 per cent i 

39 

40.0 

5 

Na 2 S0 4 — 0.518 per cent 

31 


6 

Na 2 SO<— 0.518 per cent 

31 

31.0 

7 

MgSO*— 0.023 per cent I 

.49 


8 

MgSCV— 0.023 per cent 

46 

47.5 

9 

CaCOj — 0.189 per cent 

42 


10 

CaCOj — 0.189 per cent 

38 

40.0 

11 

All four salts 

35 


12 

All four salts 

. 34 

34.5 


alkali soil but the seed refused to germinate. Barley was then seeded, but 
grew only in the pot receiving CaC0 3 , and the per cent of germination was 
very small. No crop results in the alkali soil were secured, therefore. 
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In the norma soil the bean crop was harvested on February 4, and the 
green weight secured. The results in table 12 and figure 14 show the crop 
yields. The NaCl gave an increase in the crop, as did the MgS0 4 and CaC 03 j 
the Na 2 S0 4 depressed the yield slightly and the combination of all four salts 
gave no effect on the crop. These results check quite accurately with the 
results of the nitrification tests in the greenhouse soils and, except for the 
Na 2 S 04 , with the results in the laboratory. NaoSCb in these latter tests in- 
creased nitrification. The amounts of NaCl, MgSCb and CaCOg used were 
beneficial, both to crop growth and to nitrification, while the Na 2 S0 4 was in- 
jurious, except in the laboratory test. All the salts together had no effect. 
Lipman’s (8, 9, 10) conclusion that nitrification tests and crop effects agree, 
in the case of alkali salt studies is thus confirmed. These crop results agree 
very well with those of Harris (4) already referred to. 

SUMMARY AND CONCLUSIONS 

These studies on the effects of alkali salts on nitrification in a normal soil 
from Wyoming, and on comparative nitrification in normal soil variously 
treated and in alkali soil, untreated and treated, gave results which, w T hile 
perhaps not conclusive, are at least indicative of certain relations in the field. 
These indications may be summarized thus: 

1. Nitrification in normal soil is stimulated by small amounts cf NaCl, 
Na 2 S04 and MgS0 4 , and large amounts of CaQG 3 . These salts become toxic, 
however, at certain points, which undoubtedly vary in different soils. With 
this soil in laboratory tests the toxic point was 0.02 per cent NaCl, 2.00 per 
cent Na 2 SC >4 and between 1.5 and 6.00 per cen? CaCCb. The toxic point for 
MgSCb was not determined. 

2. Nitrification in alkali soil was increased by small amounts of NaHCOs, 
Na 2 C0 3 and CaC0 3 . Calcium sulfate had no effect. These salts became toxic 
in this soil at 0.30 per cent for both the sodium carbonate and bicarbonate 
and at 6.0 per cent for the CaC0 3 . The addition of CaSCb with the sodium 
carbonate and bicarbonate, in the proper amount to react with them, pre- 
vented any toxic effect from the largest amount used. 

3. The tests in the greenhouse soils checked very closely with the laboratory 
studies in the case of the alkali soils. In the normal, soils the agreement was 
likewise good, except in the case of Na 2 S0 4 . That salt became toxic according 
to these tests at a concentration of 0.5 per cent. This is a very much .ower 
toxic point than was noted above but nearer that found by others. 

4. The effect on the crop grown in normal soil of the alkali salts, with the 
exception of the Na 2 S0 4 , were very similar to the effects on nitrification in both 
laboratory and greenhouse tests. Increases were secured with NaCl, MgSCh 
and CaCOs, but Na 2 S 04 caused a depression in crop and in nitrification in the 
greenhouse soils. All the salts together had no effect. In general, it seems that 
nitrification and crops are very similarly affected by alkali salts, 
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5. Crops refused to grow in the alkali soil, but the injurious factor was 
evidently not an excess of NaHC0 3 or Na 2 C0 3 , as additions of these salts 
increased nitrification in the soil. The injurious factor was likewise evidently 
not CaCCb, for that compound stimulated nitrification in the alkali soil. 
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Until recently scant consideration was accorded the element sulfur in the 
study of soil fertility. Inaccurate methods of ash analysis, which failed to 
show the entire amounts assimilated by plants, were probably in a large meas- 
ure responsible for failure to attribute to sulfur an important role in the study 
of plant needs. It was therefore natural that slight attention should be paid 
to the form or extent of the element as it occurs in soil. But within the last 
several years particular attenticn has been given the subject from the several 
viewpoints of plant-ash composition, conservation of soil supply, and the 
amount derived from rainfall. The relationship between soil sulfur and bio- 
logical activities also has been studied. The Wisconsin, Kentucky, Rotham- 
sted, Ohio, Nebraska, and Iowa stations have contributed to the literature 
upon thefteveral phases of the subject. 

The results submitted in this paper were not obtained from a study which 
had its inception in a consideration of the sulfur problem. However, the . 
findings as to the behavior of the element during the first two annual periods 
have been exceedingly striking. It is not intended at this time to offer a 
complete study or a full array of data obtained, nor of conclusions suggested 
thereby, but to submit the findings in the way of a preliminary report for the 
benefit of those who are working upon, or who are particularly interested in, 
the sulfur problem as related to soil fertility. 

Before offering the data obtained, it is essential that a brief description of 
the experimental equipment and methods followed be given, A mellow sandy 
loam from the second bench of the Tennessee River at Knoxville was used. 
One hundred pounds of soil, on the moisture-free basis, were used for each 
treatment. The lysimeter equipment used in the work is illustrated in plate 
1 (figs. 1 and 2). The soil leaching studies now being carried out in the equip- 
ment were intended to supplement the work of this station upon the problem of 
absorption of the several forms of lime and magnesia by soil under field condi- 
tions. In the preliminary work , reported upon hi part in Tennessee Agricultural 
Experiment Station Bulletin 107, both 2- and 8-ton applications of lime per 
acre, or equivalent amounts of the several forms of the earthy alkalies, were 
made. In the supplementary work here considered, the treatments were 
based upon chemical equivalences of 8, 32 and 100 tons of CaO per acre. The 
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excessive applications were made with the idea of affording an opportunity 
for a study of fundamentals, rather than delimiting the work to bounds which 
would yield data susceptible of only practical application. The following 
seven alkali-earth materials were used: burnt lime, burnt magnesia, precipi- 
tated calcium carbonate, precipitated magnesium carbonate, 100-mesh lime- 
stone, 100-mesh dolomite, and 100-mesh magnesite. Each treatment was 
thoroughly mixed with moist soil in good, workable condition and placed 
in a galvanized iron lysimeter containing a sand filter bed, and having a 
block tin drainage tube. In a second set, placed simultaneously, the foregoing 
21 treatments were duplicated as to surface soil, but in this set one foot of 
>clay subsoil was placed between each sand filter and the overlying surface 
soil. Two additional tanks also were used as. separate containers for the 
relatively inactive natural silicates, wollastonite, and serpentine. Blanks of 
both depths also were later included. 

The successive leachings, derived from natural rainfall only, from July, 
1914, to July, 1916, were conveyed to the laboratory, where their respective 
alkalinities were immediately determined. Aliquots were then preserved in 
acid solution and the composites for each year were subjected to complete 
analysis. 

In the fifth and sixth columns of table I are given the total alkalinities of 
the several yearly leachings, expressed as cubic centimeters of half normality. 
In the seventh and eigth columns are given the amounts of SO3 per acre for 
the two respective annual periods. A number of tests were made upon the 
several solutions in order to determine the form of the sulfur present. It 
appeared that all of the sulfur leached was in the form of sulfates, 

A study of table 1 shows certain positive and consistent differences, par- 
ticularly as to the estoppage effected by the subsoil. During the first year 
the loss of sulfur was very much heavier from the tanks containing only sur- 
face soil than from the tanks which contained subsoil also. As a rule the 
same holds for the second year; but a marked exception is to be observed in 
the instances where the oxide and precipitated carbonate of magnesium were 
applied. The averages of the total amounts of SO s leached from all the 
tanks receiving the several carbonates are 472 pounds and 221 pounds per 
acre, respectively, for the years 1914^-1915 and 1915-1916, in the case of the 
tanks having no subsoil, as compared with 31.1 pounds and 114.8 pounds per 
acre, respectively, for the identically treated tanks during the same two years 
where the surface soil was underlaid with one foot of clay subsoil. The material 
increase in the average of SO3 leached through the subsoil during the second 
year is due mainly to the fact that during that period large amounts of sulfur 
began to leach from the tanks cohtaining the treatments of oxide and pre- 
cipitated carbonate of magnesium, and from these tanks only. Analyses of 
the leachings established the fact that the downward movement of sulfur 
and that of magnesium were parallel. That is, where no subsoil was placed, 
large quantities of both sulfur and magnesium leached out of the surface soil 
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TABLE 1. 


Alkalinity of hackings and amount of sulfur trioxide leached in two years } tests 


TANK NO. 

TREATMENT 

AMOUNT OF SUBSOIL 

TOTAL ALKALINITY 
OF LEACHINCS— 
CUBIC CENTI- 
METERS N/2 

SO| LEACHED — 
POUNDS PER ACRE 
PER ANNUM 

Substance applied 

Rate- 
tons pa- 
acre 

1914—15 

1915-16 

1914-15 

1915-16 

1 

CaO 

8 

None 

449 

604 

341.0 

267.0 

22 

CaO 

8 

1 foot 

102 

174 

32.9 

68.2 

8 

CaO 

32 

None 

1642 

592 

19.0 

116.0 

29 

CaO 

32 

1 foot 

114 

98 

25.0 

21.6 

15 

CaO 

100 

None 

4301 

5011 

67.0 

15.0 

36 

CaO 

100 

1 foot 

119 

105 

17.4 

29.5 

2 

MgO 

8 

None 

1024 

937 

469.0 

141.0 

23 

MgO 

8 

1 foot 

98' 

153 

40.1 

161.6 

9 

MgO 

32 

None 

2572 

4089 

567.0 

216.0 

30 

MgO 

32 

1 foot 

65 

476 

18.0 

488.7 

16 

MgO 

100 

None 

1120 

2392 

581.0 

291.0 

37 

MgO 

100 

1 foot 

95 

99 

24.6 

228.7 

3 

CaCOj 

8 

None 

165 

434 

468.0 

203.0 

24 

CaCQj 

8 

1 foot 

105 

140 

34.9 

58.4 

10 

CaCOj 

32 

None 

279 

442 

448.0 

187.0 

31 

CaCOa 

32 

1 foot 

122 

141 

29.3 

30.1 

17 

CaCOj 

100 

None 

250 

399 

460.0 

287.0 

38 

CaCOs 

100 

1 foot 

98 

133 

27.0 

124.0 

4 

MgCOj 

8 

None 

2207 

1356 

528.0 

170.0 

25 

MgCOj 

8 

1 foot 

98 

163 

31.7 

136.2 

11 

MgCOj 

32 

None 

2365 

3223 

551.0 

203.0 

32 

MgCOj 

32 

1 foot | 

170 

451 

54.9 

593.6 

18 

MgCOj 

100 

None 

2418 

3833 

618.0 

364.0 

39 

Mgca 

100 

1 foot 

94 

217 

38.4 

409.7 

5 

Ground limestone 

8 

None 

379 

479 

540.0 

214.0 

26 

Ground limestone 

8 

1 foot 

89 

128 

19.5 

29.1 

12 

Ground limestone 

32 

None 

330 

459 

399.0 

172.0 

33 

Ground limestone 

32 

1 foot 

111 

125 

31.4 

27.5 

19 

Ground limestone 

100 

None 

392 

484 

402.0 

215.0 

40 

Ground limestone 

100 

1 foot 

164 

161 

40.4 

87.2 

6 

Ground Dolomite 

8 

None 

230 

376 

401.0 

215.0 

27 

Ground Dolomite 

8 

1 foot 

101 

155 

20.7 

1 27.4 

13 

Ground Dolomite 

32 

None 

311 

548 

402.0 

238.0 

34 

Ground Dolomite 

32 

1 foot 

118 

122 

38.8 

77.7 

20 

Ground Dolomite 

100 

None 

298 

528 

417.0 

325.0 

41 

Ground Dolomite 

100 

1 foot 

123 

132 

26.5 

18.4 

7 

Ground Magnesite 

8 

None 

489 

679 

512.0 

171.0 

28 

Ground Magnesite 

8 

1 foot 

118 

158 

30.6 

36.0 

14 

Ground Magnesite 

32 

None 

873 

859 

426.0 

176 0 

35 

Ground Magnesite 

32 

1 foot 

140 

178 

21.1 

44.6 

21 

Ground Magnesite 

100 

None 

433 

785 

509.0 

181.0 

42 

Ground Magnesite. 

100 

1 foot 

131 

160 

22.0 

21.8 

43 

Wallostonite 

32 

1 foot 

177 

170 

35.3 

26.2 

44 : 

Serpentine 

32 

1 foot 

170 

174 

42.1 

18.6 


234 


W. H. MacINTIRK, L. G. WILLIS AND W. A. HOLDING 


treated with the oxide and carbonate of magnesium during both years. How- 
ever, although the subsoil arrested the passage of both magnesium and sulfur 
during the first year, it permitted the passage of both elements during the second 
year. The elimination of the results from the magnesium carbonate tanks 
materially alters the average of the subsoil tanks for the second annual period. 
If we average the leachings from the tanks containing treatments of the nat- 
ural carbonates of both calcium and magnesium and also those containing 
precipitated carbonate of lime, the alkali earths in all of which are still 
in large measure , retained by the subsoil, we find a loss of 215 pounds 
per acre for surface soil alone, but a loss of only 48 pounds where the absorp- 
tion effected by the subsoil is introduced as a factor during the second year 
of the experiment. It is thus apparent that the presence of the underlying 
subsoil either inhibits the formation of magnesium sulfate within the surface 
soil, or, if not inhibiting its formation, increases the holding capacity of the 
soil for sulfur, as well as for magnesium; or else the subsoil absorbs not only 
the basic ion but also the acid radicle. The first assumption is not tenable, 
and it is probably beyond doubt that the subsoil has effected an absorption 
of both Mg and SO3 ions without any interchange of bases, this being con- 
firmed by the analyses of the alkalies in the leachings. 

Considering the treatments in the order in which they occur in table 1, 
the 8-ton applications of burnt lime slightly depress the amounts of sulfur 
coming through in the leachings, as compared with the other and equivalent 
treatments; but the 32-ton and 100-ton treatments practically inhibit the out- 
ward movement of sulfur in solution. No such retardation in the sulfate leach- 
ings was demonstrated by the precipitated carbonate or by the natural car- 
bonate of lime, even in the case of the 100-ton-equivalent applications. It 
may be observed that during the second year, when the 32-ton treatment of 
lime had become in large part carbonated, the increase in the sulfates leached 
was over six-fold. It is hoped that we may be able later to state more defi- 
nitely whether the marked depression is due to chemical or to biological 
causes, or to a combination of the two agencies. 

The effect of oxide of magnesium has been the reverse of that produced 
by burnt lime. Either the tendency to form sulfates was engendered or 
accelerated by magnesia, or else the ability of the soil to retain sulfates has 
been depressed. As previously stated, we have observed that the movement 
of sulfur and that of magnesium are parallel in the leachings so far studied 
and it is interesting to note that in the case of the 32-ton treatments of both 
oxide and carbonate of magnesium, the magnesium appeared in the leachings 
from the subsoil lvsimeters in appreciable amounts prior to like appearance 
in the case of the 100-ton treatments. The amounts of sulfur leached from 
these same tanks were in accord with this unj^nticipated finding of magnesium. 

All of the natural carbonates, in the several amounts, appeared to bring 
about conditions which caused an augmented outgo of SO3, when compared 
with subsoil tanks which received no carbonate -treatment. The concen- 
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trations of the leachings during the second year were greater, with reference 
to their sulfate contents, than during the first year, but the volumes leached 
during the second year were less than during the initial annual period, so 
that, as a result, when calculated to the pounds-per-acre basis, the actual 
amounts of sulfur leached during the second year were smaller than those 
which passed through during the first year. If the abnormal losses are due 
to biological activation, such a result would be expected. 

The differences between the results produced by the natural and the pre- 
cipitated carbonates are interesting. The lesser solubilities of the natural 
carbonates are reflected both in the lack of appreciable increase in the amounts 
of S0 3 leached and in the constancy of the alkalinities of the several leachings. 
The greater active mass afforded the soil for the satisfying of its absorptive 
power, in the case of the more soluble oxides and precipitated carbonates, 
has caused an earlier demonstration of the accelerated movement of alkali- 
earth ‘sulfates, if, indeed, the natural carbonates are ever to demonstrate such 
a tendency. 

The soil's initial total sulfur trioxide content was 0.1290 per cent, while 
the subsoil showed a total per cent of 0.1249. The amount of SO 3 extracted 
by a 3-hour agitation with distilled water was 0.0152 per cent for the sur- 
face soil and 0.0036 per cent for the subsoil. Twenty-gram charges were 
used in making both determinations. 

It can readily be seen that a continued loss of sulfates, in proportions ap- 
proximating those which have transpired to date, would effect a speedy and 
absolute depletion of the initial organic sulfur content. Particularly is this 
true of the oxide and precipitated carbonate of magnesia, while, to date, 
the excessive burnt-lime treatments are an outstanding exception. In addi- 
tion, however, to the initial store of organic and inorganic sulfur, there must 
needs be considered the excessive supplementary aerial supply. 

The University farm is located within the boundary of the city of Knox- 
ville, where a large amount of soft coal is burned. This may be appreciated 
by the fact that the average of analyses of three years’ rainfall by three ana- 
lysts shows the annual precipitation of sulfur trioxide to be 124 pounds per 
acre. The analytical data obtained from analyses of the original soil, long 
exposed to the sulfur of rainfall, do not suggest any characteristic property 
of thiH soil to conserve the sulfur obtained from aerial sources. 



PLATE 1 

Fig. 1. Outside View of Hillside LySimeter Equipment 
Fig, 2. Inside View of Hillside Lystmeter Equipment 
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PLATE I 



Fig. 1 



Fig. 2 
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Of the many processes operative in soils that are of interest to plant physiol- 
ogists, those concerned in the movement of water are of primary importance, 
because they modify the effects of all the other processes upon rooted plants. 
Furthermore, as has been repeatedly emphasized (5, 14, 15, 16, 17) the ratio 
between the rate at which water moves from the soil into the plant and the 
rate at which it moves from the plant into the atmosphere is often of supreme 
importance in conditioning the existence of a given plant or species of plant in 
a given habitat. Before any quantitative information of general applicability 
can be obtained regarding the rates at which plants absorb water from the 
soil, the preliminary question dealing with the maintenance of intimate 
contact of absorptive surface and soil water must be answered. Of the two 
ways in which this contact may be effected, namely, by growth of the roots 
themselves through the soil as the water is absorbed, and by movement of the 
soil moisture to the roots, only the second process is susceptible of investigation 
independently of the other. It thus appears that quantitative knowledge 
concerning the movement of soil water is of immediate importance to the 
general physiology of rooted plants. Since quantitative knowledge concerning 
the rates of movement of soil moisture is desired it is important that a definite, 
quantitative hypothesis concerning water movement be developed, and this 
is attempted in this paper. The results, combined with experimental data, 
will, it is hoped, be of service in the elaboration of a more precise, mathe- 
matical statement from which the movement of soil moisture may be calculated 
from measurable soil characters. 

In approac hin g this problem of the movement of water in soils it appears 
advisable to narrow the field of initial inquiry to non-toxic, non-saline, drained 
(and aerated) soils because the greater number of higher plants of temperate 
zones (those that are at present economically and ecologically the most im- 
portant) are rooted in such soils. The processes by which water movement 
takes place may be grouped under two heads: mass, or molar movement of 
water, and molecular movement. The latter, which includes movement by 
local evaporation and condensation and by diffusion through the soil solution, 
has, in general, a relatively small effect upon any given plant during its grow- 
ing season. In the following discussion only molar movement of water will 
be considered. 
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The solution of this problem lias been greatly furthered by the work of 
Briggs (6, 7) and of Buckingham (10). Although these authors obtained no 
satisfactory quantitative statement of the movement of water, chiefly be- 
cause they possessed no instrument suitable for measuring rates, 1 their de- 
scriptions of the structure of drained, water-containing soils and their very 
complete analysis of the forces operative in mass movement of water form a 
valuable basis for such a statement. Obviously, the immediate need is for an 
instrument that will be suitable for absorbing water from field soils, an instru- 
ment whose maximum rate of absorption is greater than the rate of water 
movement in the soil, whose contact with the soil is intimate and whose 
absorptive surface remains fixed in position. The high maximum absorption 
is essential in order that the water may be absorbed as fast as it reaches the 
instrument so that the rate of movement of soil moisture may be determined. 
The fixed position of the absorptive surface is essential in order that move- 
ment of this surface shall not complicate the analysis of the results of its use, 
or, as when air is used as an absorbing medium, a dry layer of soil shall not be 
formed, which diminishes the rate of absorption. 9 

The diffusion of water into a solution from which it is separated by a septum 
that permits the counter-diffusion of the other components of the solution to 
only a slight degree has been shown by Pulling and Livingston (19) to be of 
potential value as the operative principle of such an instrument and was 
employed in this investigation. The colludicn membrane, prepared in the 
manner described by Bigelow and Gemberling (4) and by Smith (21) was 
found to be adequate, although a 12-hour immersion in a| 80 per cent solu- 
tion of ethyl alcohol in water, after a certain amount of drying, was found 
to decrease the permeability and increase the uniformity of the membranes. 

In the present studies magnesium sulfate solutions were substituted for 
those of cane sugar, which were used in the earlier work, because of the high 
viscosity, great variation in viscosity with temperature changes an^ chemical 
unstableness of the latter. Preliminary experimentation, the details of 
which are not germane to the present discussion, led to the selection of mag- 
nesium sulfate in solutions of approximately M.1.5 concentration. 2 * * * As high 
a concentration as this is not necessary to remove water from the soil, but in 
order that the instrument might operate for several hours with uniform, water- 
absorbing power, it appeared necessary that the difference between the speci- 
fic gravities of the portion of the solution diluted by entering soil water and 
that of the undiluted portion be great enough to insure rapid operation of 
convection currents, thus rendering a higher concentration necessary. 

The glass thistle tubes used in the Tucson experiments (19), although they 

1 The difficulties of obtaining proper contact between absorbing surface and soil seem to 

have prevented field tests with the instruments that had previously been described. See 

Briggs and McCall (8), Livingston (14) and Whitney and Cameron (22). 

£ This solution was obtained by dissolving 1.5 of the gram-molecular weight of hydrated 

(approximately 7 HjO) magnesium sulfate in 1000 cc. of water at approximately 20°C. 
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were useful in the preliminary tests, were unsuitable for field use because of 
their fragility and cumbersomeness. The form of the instrument that was used 



Fig. 1. The Osmometer 

A , Sectional view of the osmometer in position in the soil. The arrows show the approxi- 
mate general direction of convection currents. B, Top and bottom views of the osmometer. 

in the present field tests is shown in figure 1. Each instrument was made from 
a bar of brass, square in cross section. This bar was planed on two opposite 
faces to form a wedge, If by \\ inches at the top^and 1* by 1 inch at the 
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bottom. A cylindrical core, J inch in diameter, was removed longitudinally 
from the larger end almost to the smaller, and a circular opening, also | inch 
in diameter, was then bored through each of the planed faces, opposite each 
other and near the lower end, thus communicating with the central cavity. 
Experimental search for a means to control convection currents (in lieu of 
stirring) sufficiently to obtain fairly constant rates of intake when the instru- 
ment was immersed in water led to the selection of the following as the most 
convenient. Thin, brass plates, perforated as extensively as possible with 
holes | inch in diameter, were soldered over the lateral openings. Although 
a single membrane was applied over each entire plate, communication with 
the soil was virtually effected through many small membranes. 

To place the osmometers in position in the soil a trench, narrower than the 
instrument and deeper than its height, was cut with a sharp knife and the soil 
removed. The trench was widened until it was only slightly narrower than, 
and of the same sectional shape as the instrument, which was then carefully 
lowered into it and gradually, during the course of fifteen or twenty minutes, 
pushed deeper until further movement was not followed by an increase in 
rate of water intake, when it was assumed that the greatest possible area of 
membrane was in contact with the soil. 

An objectionable feature of this form cf instrument is the flat surface to 
which the membranes are applied, for the probability that a membrane will 
adhere perfectly to every part of it is small. A slight trace of moisture re- 
maining between the membrane and the brass surface forms a drop into which 
salt gradually diffuses as the instrument is used. Into Hffs solution water 
diffuses, enlarging the drop and slowly separating brass and collodion until 
connection is established with either the interior or the exterior. If it be 
with the former, the process proceeds until a continuous passage is formed, 
underneath the membrane, between the interior and the exterior of the 
instrument. Such leaks may be so small as wholly to escape notice while 
the rate of water intake is great, as in trials of the instrument against water, 
but may produce large errors when the rates are small, as in many cases of 
i^s operation in the soil. 

uf the many methods tried for preventing errors caused by these leaks the 
following was adopted. Instrument and delivery tube were filled with dis- 
tilled water and the instrument placed in a small vessel containing water, 
the upper level of which was above that of the membrane; the graduated 
delivery tube was elevated until the water meniscus in the tube stood 13 cm. 
(uniformly maintained but selected from considerations of convenience only) 
above the water level outside. The rate at which water passed outward 
through the membrane (or other accidental exits) as indicated by the fall of 
the column in the tube, was considered an index of the instrument's permea- 
bility. After considerable experimentation it was decided to discard all 
membranes that permitted a loss of water at a rate greater than one ctlbic 
millimeter per 5-minute biterval. This limit is perhaps so low that many 
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serviceable membranes were discarded, but as it appeared to be a certain 
insurance against leaks it was believed best to adopt it. Instruments were 
tested frequently and whenever one was found that exhibited greater permea- 
bility than at a previous test it was considered unsatisfactory and all the 
data acquired with it during the interim were discarded. Because of these 
suspected leaks data from less than a third of the original number of tests 
can be presented. 

Turning to a consideration of the movement of water in drained soils it 
will be of advantage to picture the process descriptively. In such soils 



Fig. 2. Hypothetical Section Through a Drained Soil, Showing Wedges and Films 

water exists (fig. 2) in the form of thin films covering the soil grains and con- 
fluent with masses of water that are of great diversity of form although alike 
in having an air-water interface concave to the air. Because of their general 
sectional shape these masses have been termed “wedges” by Buckingham (10) 
and this designation will be used in the following to distinguish them conven- 
iently from the'hygroscopic films that cover the soil grains. Water of hydra- 
tion, the so-called colloid water and water that has penetrated the minute 
cracks in the soil grains need not be considered since the water-holding forces 
that are operative in these cases are so powerful fhat for present purposes the 
water may be regarded as virtually a part of the soil grain with which it is 
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associated. It is necessary only to consider water in the ‘forms.” 3 mentioned 
in the text books as capillary and hygroscopic water, for the third of these 
forms, gravitational water, is assumed absent sinre the soil is drained. 

As far as plants are concerned the hygroscopic water is of little importance, 
for, as has been repeatedly showrf, they are unable to withdraw it from the 
soil, as, indeed, a consideration of the elementary principles of equilibrium 
will demonstrate, and it cannot be reduced in amount by molar water move- 
ment. The usual text-book statement is that the “water films” increase and 
decrease in thickness with varying amounts of soil moisture. The results 
of investigations on the flow of water in capillafy tubes has shown, however, 
that slipping in the layer of liquid adjoining the wall does not take place, which 
indicates that relatively strong forces hold it in position. Also Bakkeris 
(1, 2, 3) researches indicate that the thickness of the capillary film is slight 
(about 1.6 X 10~ 7 cm.) 4 and practically invariable, small variations resulting 
only in response to large changes in vapor pressure or temperature. Since 
it is so thin, this film is, throughout its thickness, a fusion of both the gas- 
liquid interfacial layer of the wedges (the surface tenpm film) and that water 
layer of the wedges that immediately adjoins the soil grain. Thus the surface 
forces resident in the gas-liquid interface of the wedges are transmitted by this 
hygroscopic film to the soil grains so that the soil mass acquires structure. 

In concave surfaces the capillary tension 5 varies inversely as the radius 
of curvature, becoming least when this is infinite, i.e. when the surface is 
plane. Since capillary tension is the force retaining water in the wedges, 
it is evident that for all parts of the soil to be in equilibrium with regard to 
water movement, the radii of curvature of the concave surfaces (as Briggs 
long since pointed out) must be equal throughout, regardless of the actual 
amount of water in any individual wedge or in any number of them. The 

8 As Free (12) has pointed out, references in this connection to forms of water are very 
objectionable because of the implication that a change of condition or state accompanies 
change from one form to another, whereas, so far as is known, the difference is solely in 
the forces (quantitative or qualitative) holding the water in a given position with reference 
to the soil grains. 

4 This value for the thickness of a capillary film is smaller than that usually given, which 
ranges from 5-10 X 10" 7 cm. Quincke (20) gave the distance through which a glass wall 
attracts water as about 5 X 1(M cm., a much larger value than that of later investigators. 
The Actual thickness is of little importance in this connection since the order of magnitude 
is practically the same for the different values. For further references and a brief statement 
of the range of attraction of molecules, see Lewis (13). 

6 Surface tension may be defined as the tension per centimeter in the plane surface of a 
liquid under a given set of temperature and pressure conditions. Surface energy is defined 
as the product of surface tension and surface area. Capillary tension is used in this paper to 
designate the tension, often confused with both the foregoing, brought about by the curva- 
ture of a surface that possesses surface tension. Surface tension is thus considered as a 
property of liquids, varying o^y with their nature, with temperature and with imposed 
pressure, while capillary tension varies not only with the surface tension but also with the 
curvature of the surface. 
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withdrawal of water from any one wedge will result, in general, in a decrease 
m the radius of its surface curvature, since almost invariably the space oc- 
cupied by the water is narrower near the point of contact of the grains than 
near the air-water interface. This increase in curvature will be accompanied 
by an increased capillary tension as mentioned above. ‘ 

A general description of the movement of water in drained soils may now be 
attempted. As the capillary tension increases the effect will theoretically 
be two-fold: first, adjoining soil grains that are not in contact (fig. 2) but whose 
hygroscopic films are a continuation of the surface-tension layer of the wedge 
and transmit tensions to the grains, will be drawn closer together; and second, 
water will be moved from adjoining wedges with less curvature (i.e., with 
greater radius of curvature). In field soils the former process will, in general, 
be negligible at and below the depths occupied by even shallow-rooted plants 
so long as forces cf greater magnitude than those of capillary tension (such 
as the expansive force of freezing water) are not active. In the early spring in 
regions where the soil freezes, in newly-ploughed ground, or on the surface 
of a dried soil rccentlf wetted, rearrangements of the soil grains would of course 
be of significance. In general, however, in the deeper portions of the soil 
the response to the increased tension is movement of water only. Suppose a 
wedge to be in direct communication with others, the invariable Condition in 
moist field soils of the type considered in this discussion, and suppose water to 
be removed from the first wedge. Because of the increased capillary tension 
in the surface of this wedge, water will move into it from the ethers, through 
the communications. If these were the only wedges concerned, the first 
would not obtain sufficient water to compensate for the loss, because move- 
ment could proceed only until the curvatures of all surfaces involved became 
equal, each wedge consequently containing less water than before. If a 
third set be now considered to be in communication with the second, it is 
evident that water will move from these wedges to those of the second set, 
whose radius of curvature becomes thus greater, enabling the first wedge to 
obtain more water. As additional sets are added to this chain the degree to 
which the first wedge may, in time, approximate its original water content 
increases, so that in a field soil, if the amount of water withdrawn is relatively 
small and the time for recovery is relatively great, the wedges initially depleted 
will acquire an amount of water practically equal to that originally lost. 

If the water is removed, fiowever, by an absorbing body that acts with a 
continuous and uniform force of absorption, which is, however, not of sufficient 
intensity to break communication between the wedges, the condition of non- 
equilibrium should be constant in that portion of the soil immediately ad- 
joining the absorbing body. At any instant of time the air-water interfaces 
of the wedges touching this body will have the least radius of curvature of any 
in the soil mass, supposing the soil mass to hav§ been originally in equilibrium. 
The interfaces of the next wedges will have a. greater radius of curvature and 
the radius will increase from one set of wedges to the next until the unaltered 
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soil is reached. As time progresses, the distance through the soil in which 
the curvature of the surface has been altered, will increase. Since the curv- 
atures of the surfaces in contact with the absorbing body remain constant 
(because the absorbing body acts with a uniform and continuous absorptive 
force), the wedge and the absorbing body remaining in practical equilibrium, 
it follows that the difference between the curvatures of the air-water interfaces 
of any one wedge and the next will continually decrease, since the number of 
wedges whose curvatures are unequal will increase with time between the 
fixed limits of curvature set by the conditions at the absorbing body and the 
unaltered soil. Since throughout the affected portion of the soil the curvatures 
become more and more nearly equal as time progresses, and since the movement 
of water is conditioned by the difference between the surface curvatures of 
adjoining wedges, it follows that the rate of water movement should become 
less and less. It is also be to expected that the decrease in rate will be most 
evident when the number of wedges affected is small. If, then, the rates 
of water movement in the soil were plotted against the corresponding points 
in time as abscissas, the resulting curve should exhibit a steep slope during 
the first few intervals, the rates decreasing more and more gradually as time 
proceeds, until the curve becomes almost parallel to the horizontal axis, 
upon which the intervals of time are plotted. All graphs obtained with the 
osmometers exhibit this latter characteristic, those extending over the longest 
.periods of time showing most plainly the increasing constancy in the rate of 
movement. 

It is patent, however, from an inspection of the graphs that, although they 
are similar in their more general aspects, there are many particulars in which 
they differ. Some are higher than others, some begin with larger rates than 
those appearing later in the graph, others with smaller rates; in some the 
decline is very rapid, in others it is much more gradual. The interpretation 
of these experimental graphs is divided into four sections. The first deals 
with their general slope, i.e., the rates at which movement of water diminishes 
with time. The second deals with the heights of the graphs, i.e., the actual 
amounts of water moved through equal, fixed planes per unit of time. The 
third deals with the observations made during the first few time periods of the 
tests. These initial rates appear to be controlled in their magnitude by con- 
ditions other than those considered in sections 1 and 2. The fourth deals 
with the apparent fluctuations in the rate of wafer movement. 

1. The Slopes of the Graphs 

The movement of water through the soil is opposed by frictional and 
capillary resistances. Since these resistances are chiefly due to the existence 
of the soil water in discrete nesses it follows that the greater the number of 
such masses the greater should be the total resistance, and the slower should 
be the rate. It also follows that if the number of these wedges is initially 
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great in proportion to the amount of water held, the addition of a unit number 
will produce less effect than if the number is initially small. As the chief 
resistance to water movement is probably encountered in moving from one 
wedge to another, it would appear that the greater share of the time should 
be consumed in movement between wedges, and not in them. Movement of 
water must accordingly be pictured as proceeding discontinuously from wedge 
to wedge, so that a steady state of water movement can never be set up in the 
soil, although as the rate approaches zero the effect of the lag will be less and 
less noticeable . So it appears that a consideration of the numbers and volumes 
of the wedges per unit of gross soil volume is necessary before the preceding 
general statements can become useful. 

Since the wedges are formed about points of contact of soil grains, it is at 
once obvious that their number will, in general, depend upon the size, shape 
and number of soil grains in a unit of gross or field volume, since the number 
of contacts is determined by these variables. In any given case the addition 
of soil grains in the interstices of a soil mass will result in an increase in the 
number of wedges, the actual increase depending not only upon the number, 
size and shape of the added soil grains but also upon the number, size and 
shape of those already present. Although it appears unprofitable to attempt 
the formulation of a relation connecting these variables, it seems possible that 
experimentation may furnish an integration of their various effects as a single, 
measurable magnitude. 

Such experimentation has been made and, although the details must be 
reserved for another article, the general reasoning and some of the results are 
of importance in this connection. In a unit volume of any given sample of 
soil the number of soil grains may be considered to be directly proportional 
to the weight of the dry soil present in that volume. This would probably 
be an unjustified statement if very small volumes of a soil consisting of unequal 
grains were considered. But in a sample having a volume of several cubic 
centimeters these differences are negligible for ordinary, arable soils, so that 
these soils may be considered as made up of average grains , equal weights of 
dry soil signifying equal numbers of grains. If two equal volumes of such 
a soil have the same number of soil particles and the same water content, the 
number of wedges should be the same, the curvatures of the air-water inter- 
faces should be the same, and water should not move from one sample ’to the 
other if they were placed in intact. For soils of heterogeneous composition 
this statement will be the more nearly true the smaller the amount of water 
the samples contain; for with small amounts, the water is more closely dis- 
posed about the points of contact of the grains. 

If samples of some one soil are graded according to their solid content and 
according to their liquid content, each sample, however, having such a water 
content that the curvatures of its water surfaces are the same as those of the 
others (thus rendering their capillary tensions equal), the tw r o series of values 
(solid content per unit of volume and corresponding liquid content) obtained 
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may be plotted one against the other to form a graph that may be regarded as 
exhibiting the variation in the number of wedges per unit of gross soil volume, 
corresponding to changes in the number of soil grains per unit of volume. If 
the curvatures are all the same and the water contents are the same no sample 
should be able to obtain water from any of the others and each should deliver 
water at the same rate as the others to a standard absorbing body. 

A method has been devised by which such data may be obtained. By its 
means samples of a given soil, each of approximately uniform packing may be 
secured that permit the movement of only about 0.001 gm. of water during 
24 hours through an area of about 30 sq. mm. to a standard absorbing body. 
The liquid and solid contents are then determined for each sample as weights 
per unit of gross volume. If Lire weights of solids per unit of gross volume 
are plotted for the several samples as abscissas, the corresponding weights 
of liquid plotted as ordinates, and the points so obtained connected by a 
line, a curve is produced that is characteristic for the particular soil investi- 
gated. Each soil is thus considered as a three-phase system; solid-liquid- 
gas, that is defined in any condition of packing and water content when two 
of the three variables are stated in reference to the entire volume occupied by 
the three. These variables should, of course, be stated in terms of volume 
but for the present the more convenient weights will be used. 

By changing the absorbing power of the standard body a family of such 
curves might be obtained. These curves will be called the liquid-solid curves, 
or, more briefly, the 1-s curves characteristic of the particular soil from which 
the data were derived. Each curve may be considered as exhibiting the 
change in the number of wedges per unit of gross soil volume that occurs as 
the number of soil grains is altered, the curvatures of the air-water interfaces 
remaining the same. The lowest curve, which is the only one that has been 
determined, also exhibits the water content for each solid content of the given 
soil below which the rate of water movement can be considered negligible. 
Because of its importance this curve should be specially designated, and since 
it is the lowest of the family it will be termed the a 1-s curve, or, briefly, the 
a curve, and the water content corresponding to any ordinate value thereon 
will be termed the a water content of the soil for the corresponding solid con- 
tent per unit of gross volume, 

A statement of the rate of decrease in the amount of water moving through 
a given area in the soil in unit time into an absorbing body that removes the 
water as fast as it reaches the body (as an osmometer or root hair may be 
supposed to act) may now be attempted. On the basis of the preceding 
reasoning this rate of decrease wall vary inversely with time and also inversely 
with the a water content for the particular solid content of the soil that was 
encountered in the test considered. Or 

dy/dt = k/mt (1) 

In which k represents a factor of proportionality, m 7 the proper a water con- 
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tent, and y, the decrease in the rate of water movement during the time, f, 
reckoned from the beginning of the test. For any given test m is a constant 
and since k is also a constant the equation may be integrated directly; 

y-k/m.lnt + C (2) 

In which C represents the constant of integration, In is the accepted abbrevia- 
tion for “natural logarithm of’’ and the other symbols have their former 
significance. 

The rate of water movement at any instant of time may then be expressed 
by the equation 

dx/dt - $ — (k/m) In t + C (3) 

In which x represents the amount of water that has moved through the given 
plane from the beginning of the test until the time, t; s, the amount that moved 
through the plane during the first interval of time, an amount that should 
move across in each interval if no decrease in rate occurs. The other symbols 
have their former significance. 

To render equation (3) suitable for experimental verification it must be 
integrated for a finite period of time. Since, for any one test, s is a constant 
the integration may be readily performed: 

x - st - {k/m) t(lnt- 1) + Cl # + C ( 

In which C is the new constant of integration and the other symbols have 
their former significance. . 

When t - 0, x - 0 and accordingly C ~ 0 

When / - 1, x = s and since j is defined as the rate during the first interval of 
time 

x = s + (k/m) 4- C 

for during the first interval of time t = 1 and /» 1 = 0. Accordingly 
C = — (k/m), and the complete equation becomes 
% ~ st — (tk/m)(Jnt — 1) — tk/m 

or, rearranging, 

x -st - (k/m)t.lnt [see footnote 6) 

For any unit interval of time, 

Xi ~ = s(k — h) — (k/m) (k-lnh - h.lnt/) 

* It will be at once noted that the effects of temperature, changes in viscosity and surface 
tension, etc., are not considered in the equation. While these variables undoubtedly in- 
fluence the rate of water movement, it seems inadvisable to consider them in a preliminary 
study. The data secured in these tests indicate, moreover, that these variables have slight 
effects compared with fluctuations in the rates and experimental errors, so that it is necessary 
to ignore them. 
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or since h ~ h - 1 

xz — xi - s — (k/m) ( h.lnt 2 — h.lntij (5) 

or 

s = X 2 — a* + (fc/w) ft .Ink — h- In *i) (6) 

To test the equation, k must be determined and this can be done only with 
approximate success from the data at hand because of the lack of knowledge 
concerning the initial rate, s, and because of the fluctuation from one period 
to another in the amount of water absorbed by the osmometer. The physical 
meaning of these fluctuations will be discussed later, and for the present pur- 
pose a smoothed curve will be considered. This smoothed curve should 
represent the same total movement of water during the entire course of the. 
test as that found by experiment but it should have no inversions, i.e., no 
ordinate value should be higher than any preceding ordinate value. The 
fluctuations are thus temporarily looked upon as accidental or non-essential 
deviations of experimental observations from the true course of a physical 
process. 

Since k has the same value for all tests, at least for each soil, the cne ex- 
hibiting smaller fluctuations in the observed rates than do the others, should 
be selected for its -determination. Two values for the rates are needed and 
these are best selected toward the end of the test when the decrease in rate is 
small, in order that the* smoothing may be done with the least error. Con- 
stants obtained in this way are, of course, not accurate but the importance of 
the subject and the difficulty of making field tests justifies the use of what 
data may be secured even though, from the standpoint of strict accuracy, 
they may appear inadequate. 

Test No. 3 was selected and the rates were plotted between period 30 and 
the end of the test, period 54, A straight line was then drawn as nearly as 
possible along the course it was considered the smoothed curve should pass. 
At period 35 this line had a height of 5.5 units, and at period 52 a height of 
5 units. Since x represents the total amount of water absorbed by the 
osmometer since the beginning of the test to the time at which x is measured, 
x t=35 — x t=3i = 5.5 cu. mm. and # t =5i — £ t =si = 5 cu. mm. Data for two 
simultaneous equations of the form of equation (6) are thereby presented for 
• the determination of k\ 

s = 5.5 + (k/m) (hs . In t 35 - hi . In t $4 ) 

s = 5.0 + (k/tn) ft 2 . In hi - * 51 * In hi) 

Combining these equations and rearranging terms 

5.5 - 5.0 = (k/m) (t S2 . In t S2 - hi • In hi - hs ■ In hs + • In hi) 

or 

m (5.5 - 5.0) _ . 


h2 • hi ~ ■ In — ^5 . In t 3 5 hi ■ In ^4 
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By the method of experimentation already discussed to some extent m, 
the a water content of the soil, was found to be 76 cubic millimeters for each 
cubic centimeter of this soil when the solid content per unit of gross volume 
was the same as that found from volume samples of the field soil taken when 
the osmometer test was made. Substituting this value of m and the proper 
values for the other symbols 


205.4676 - 200.5218 - 124.4390 + 119.8976 

In the graphs (fig. 3-11) the continuous lines represent the results of cal- 
culating x 2 - xi for the various time periods and the dotted points represent 



Fig. 3. Test 1 of the Osmometer Operating Against Garden Soil 
Total percentage of moisture on the basis of field volume, 0.193 per cent. 


tubes of the osmometers. Remembering that this section deals only with the 
general slopes of the curves, the discussion of their heights being reserved for 
section 2, it will be noted that the graph of the fourth test (fig. 6) is the only 
one that has a slope notably different from the actual osmometer readings. 
In this test 0.08 cm. of rain fell during the hour and a half between period 3 
and period 12, During* the rain the osmometer was covered with canvas 
which also prevented direct wetting of the soil within two feet of its position. 
This is of significance when the rates of water intake are observed between 
periods 13 and 32. About thirty minutes after the cessation of the rain the 
rates decreased greatly and continued to do so more gradually until period 
32 when they became more nearly constant. The speed with which the 
saturated surface soil attained equilibrium with the dryer soil surrounding 
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Total percentage of moisture on the basis of field volume, 0.200 per cent. 



Total percentage of moisture on the basis of field volume, 0.213 per cent. 





Fig. 7. Test 5 of the Osometer Operating Against Garden Soil 
Total percentage of moisture on the basis of field volume, 0.237 per cent. 
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the corresponding water intake in cubic millimeters as read on the graduated 
osmometer (about 2 feet away and about 4 inches below the surface) is 
indicated by the general decrease in water intake between periods 13 and 32. 
Unfortunately the rain began so soon after the osmometer w r as placed jp 
position that conclusions regarding the apparent increase in water intake 
are not justified, for, as will be explained in section 3, the, first few observations 
on the rates in each test are unreliable. 

Although in all cases the general decrease in the rates of water intake as 
time proceeds are very closely paralleled (with the exception noted above) 
by the slope of the calculated curve, it is conceivable that the conditions con- 
trolling the decrease in rates are wholly different from those considered in 
formulating the expression by which the calculated curye was obtained. That 
results calculated with the aid of an equation agree with experimental d&ta 
is not conclusive evidence that the equation is based upon sound reasoning 
or justified assumptions. When, however, an equation is successfully applied 
to a given kind of process under conditions of great diversity, its value as a 
means of predicting phenomena must be recognized, Although the proposed 
equation has not by any means been thoroughly tested, it has been applied 
to a considerable range of moisture content for two soils of widely different 
character. The total volume percentage of soil moisture encountered in these 
tests ranges for the garden soil between 19.3 per cent and 26.0 per cent, and 
for the sand between 10.0 per cent and 21.5 per cent, while the value of m 
ranges between 51 and 77 for the garden soil and 51 and 61 for the sand (table 
1). This expression, accordingly, may be considered to have considerable i 
value for calculating the decrease in the rate of soil-water movement unless 
conditions during these tests were such as are not generally effective in the 
movement of soil moisture. Of such conditions three groups present them- 
selves as possibly shaping the data: conditions introduced by the instrument, 
conditions of temperature and conditions of evaporation. 

It is at first sight possible that during the operation of the osmometer the 
solution becomes more and more diluted by the entering water, each increment 
of dilution decreasing the osmometer’s capacity to absorb water. During 
the preliminary experimentation in search of a method for increasing con- 
vection this question was very thoroughly considered. Table 2 presents the 
data obtained from a test of an osmometer constructed as described and 
figured in this article, operating against water for ll,hou^ and 20 minutes. 
The observations were made at intervals of 5 minutes (the intervals in the 
tests against soil were 10 minutes long) and is representative of the avemge 
magnitude and fluctuation of the readings for all the tests with this type 
of osmometer. They are presented because the time during which this test 
was made was greater than for any other. It is evident that there is no 
decrease in rate at all proportional to that observed in the soil tests even 
though the average intake during ten minutes was several times the rates 
for the soil tests. It must then be concluded that dilution of the osmometer 



RATE OF WATER MOVEMENT IN AERATED SOILS 


255 



Fig. 8. Test 6 of the Osmometer Operating Against Garde n^Soil 
Total percentage of moisture on the basis of field volume, 0.260 per cent. 



Total percentage of moisture on the basis of field volume, 0.257 per cent. 
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solution is not an explanation of the decrease in rate as observed in the tests 
with soil. 

Since temperature is known to affect the equilibrium between solutions and 
pure solvent when the imposed pressure remains constant, it might seem that 
temperature changes could be the controlling influence in shaping the graphs 
(although this effect of temperature probably does not always proportionally 
affect the speed with which equilibrium is attained for in many cases this 
rate of solver t entrance may be controlled within wide limits by the membrane, 
a circumstance not usually considered when the relation between osmotic 
pressure and root absorption is discussed). There is, however, no evidence 
that this is true. The temperature curves are not followed by the graphs of 
osmometer rates, although sudden variations in temperature are often ac- 
companied by corresponding variations in the rates. This latter effect of 
temperature will be considered in section 4. 

The effect of evaporation may be discussed under two heads: the actual 
depletion of the soil by evaporation from its surface, thus lessening the amount 
of water available for movement, and the increase in a capillary tension that 
is transmitted throughout the soil and increases the resistance to water move- 
ment. • There is little evidence obtainable from these experiments so far as 
the former is concerned, although there is much general ground for the belief 
that considerable water is withdrawn from the soil during the course of a 
day under many conditions. Although a dust mulch very effectively di- 
minishes evaporation from soils, this condition probably was true only in 
tests 1, 5, 8 and 9, and in the latter two the withdrawal of water by the roots 
of actively transpiring plants may have offset the effect of the mulch. In 
tests 1 and 5 the decrease in rate is approximately that calculated, indicating 
no abeyance of the conditions occasioning the decrease, as would be the case 
if evaporation were the cause of the diminished rate and a soil mulch were 
present that prevented evaporation. 

Test 4 indicates the extent to which added water influences the rate of 
movement and may throw light on the question of the effect of withdrawal 
of water. The day was cloudy and there was almost no wind. The fact that 
the observed rates near the close of the test are very close to the calculated 
rates and the speed with which the rates decrease afte? cessation of the rain, 
indicate that the water was rather quickly distributed and that the amount 
precipitated (0.08 cm.) was too small to alter the water content of the soil 
except locally. It is thus probable that a considerable part of the water that 
entered the osmometer between the first effect of the rain on the rate and 
period 30 or 32 was derived from the upper layers of the soil, which later 
attained approximate equilibrium with the deeper layers. The effect of the 
rain was thus probably only transitory and without any far-reaching effects. 
Attention should again be directed to the fact that no data exist for determin- 
ing the rates before the rain and an error in the height of the calculated curve 
might render the above statements untrue. 
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The questions concerning a capillary tension transmissible through the soil 
as such, without concomitant movement of water, its increase by evaporation 
and the consequent augmented resistance to soil-water movement, may be 
discussed with the aid of more direct data. Evaporation on sunny days 
increases during the morning, reaching a maximum intensity early in the 
afternoon and decreasing toward evening. If the removal of water from the 
upper layers of the soil by evaporation produces an increase in the capillary 
tension which is transmitted throughout the soil mass without involving move- 
ment of water, it might be expected that movement of soil moisture would 




Fig. 10. Test 8 or the Osmometer Operating Against Sand 
T otal percentage of moisture on the basis of field volume, 0.100 per cent 

Fig. 11. Test 9 of the Osmometer Operating Against Sand 
T otal percentage of moisture on the basis of field volume, 0.215 per cent. 


progressively decrease during the day. The rate of this decrease then, should 
be greatest during the early afternoon, or if it is assumed that the daily 
evaporation produces a mulch that decreases .this noonday maximum, the 
diminution in rate should be more rapid in the morning. This latter suggestion 
finds support in the data from all the tests that were started in the morning, 
and these rates do not show a more rapid decline early in the afternoon as 
would be expected if the first of the two hypotheses were true. However, the 
rates in the tests that were begun in the afternoon exhibit the same sort of 
progressive decrease, and this does not seem susceptible of explanation on the 
ground of a far-reaching capillary tension. Since the decline in all cases is 
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very exactly accounted for in a quantitative manner by the general hypotheses 
of water movement, the capillary tension hypothesis advanced above may be 
dismissed, at least until more definite information of its effect js obtained. 

2. THE HEIGHTS OE THE GRAPHS 

An inspection of the graphs suggests at once that the amount of water in 
the soil is the chief condition controlling their heights. An analysis of the 
Tucson data (19) indicated that with a soil of a given moisture content, the 
rate of intake, as might perhaps be expected, varied with the area of the 
absorbing surface. This led to the idea that the initial rate of water move- 
ment depended upon the area of the membrane that was in actual contact 
with the water of the soil. The resistance of the soil to water movement 
would, according to this view, not affect the amount absorbed during the first 
instant of time but would subsequently diminish the rate. Part of the water 
in the soil must be considered to be held so strongly in position that it does 
not share in capillary movement. As already noted some of this water is held 
in the hygroscopic films (or “adsorbed” films) on the soil grains. In addition 
to this, water may be present in wedges whose air-water interfaces are so 
greatly curved and each wedge may be composed of so little water that a soil 
containing only this amount and that in the hygroscopic films can deliver 
water only at so small a rate that it may lie considered negligible. Thus, 
only water that is present in the soil in excess of the sum of the. two amounts 
just mentioned may be considered movable by capillary urge. This water 
content permitting but neglible water movement is termed the a water con- 
tent of the soil and, as already mentioned, an experimental means for its 
approximation has* been found. 

If this view is correct, the initial rate of water absorption should be pro- 
poc|ional to the § power of the amount of water in unit field volume of a 
given soil in excess of the a content (i.e., proportional to the area of one face 
of a cube whose volume is that of the water contained in unit gross volume of 
soil in excess of the a water content). In mathematical form this statement 
becomes: 

s — r(a — m)* 

In which r is a factor of proportionality, a signifies the amount of water pres- 
ent at the time of the test in a unit of gross volume of the soil and m rep- 
resents, as before, the a wate* content of the same soil when it has the same 
content of solids as when a was determined. It is, of course, necessary that 
both a and m be determined by drying the soil to the same extent. Substitut- 
ing this value of s in equations (4) and (5), the complete expressions, as ex- 
actly as it is now possible to formulate them, become 

x ~ r{a — m)*4 — ( k/m)-t-ln t 
X 2 - Xi = r(a - mf - (k/m) (h-lnk — t v ln h) 


, (?) 
( 8 ) 
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In order to evaluate r , s must be kno wn for some one actual test. It was 
not possible to secure experimental values for s (section 3) but an approxima- 
tion may be obtained by adding to the water intake during any interval of 
time the calculated amount that the rate had decreased since the beginning 
of the test, i.e,, by substituting the proper values in equation (6). When this 
is done, using the data for time interval 52 of test 3 (the test that was used 
to evaluate k ) 

s = 5 + (94/76) (205.4676 — 200.5218) = 11.1 cubic millimeters, and 

r - s/ (a - m) 1 = 111/26.6 = 0.417 

The continuous lines in the figures for garden soil were plotted from equa- 
tion (8) using this value for r and the value for k obtained in section 1. In 
general, the agreement is very close, the noteworthy exceptions being tests 
4, 5 and 7. In test 4 the high rates previous to period 32 may probably be 
explained as an effect of the rain. For the others, unless there was an error 
in the determination of the moisture content of the soil, the expression is not 
an accurate statement of the rate of water movement under the conditions 
obtaining during those tests. The actual water content of the soil was, in 
both cases, lower than that of test 6 (table 1), although the value of (a — m) 
was higher in test 7 than in any other test with this soil, which may indicate 
that since the expression is approximately correct for soils both above and 
below them in water content, the error is in the determination of soil moisture 
or soil solids or both. Such circumstances render the loss of more than two- 
thirds of the data, because of leaking osmometers, regrettable. 

Turning to the tests with sandy soil, it will be noted that they exhibited 
a higher rate than was to be expected from the magnitude of the values ob- 
tained for (a — m) (table 1). Test 9, for example, had a total water content 
only slightly higher than ( a — m) for test 7, yet the rates were much grater. 
The most obvious possibility is that r must not be regarded as a universal 
constant for all soils, but that it varies in magnitude from one to another. 
The value of r was accordingly redetermined, the data obtained in test 8 
bting used. The rate at period 17 was taken from the osmometer data and 
this, with the corresponding values for the other symbols, was substituted in 
equation (6). 

5 = 2 + (94/61) (48.1644 - 44.3616) = 7.9 
r = s/ (a- m )* = 7.9/11.5 = 0.686 

When this value of r' is used for test 9, the other test with sand, the value 
obtained, 20.2, for r l ( a — m)* is found to be in good agreement with the 
value of j, 20.1. This indicates a characteristic difference between the two 
soils since the value of the constants appears to hold over a considerable range 
of soil moisture, the entire range for which they have been tested. 

The variation in*r from one soil to another introduces another obvious 
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limitation to its use as a constant: it contains no statement of the degree of 
soil moisture that will produce the highest rate possible. It is apparent that 
when a certain amount (perhaps characteristic of a given soil) of water is 
added to a unit volume of soil by displacing contained air, the wedges become 
completely confluent, the hygroscopic Aims disappear and the soil mass loses 
its structure, becoming simply a body of water containing soil grains and gas 
bubbles. The surface forces no longer operate in the movement of water but 
are effective only in partially conditioning the form and volume of the gas 
bubbles. The soil has then passed beyond the range of moisture content for 
which the proposed equation was formulated, for such a soil is undrained. 
How sharply this point will manifest itself may only be conjectured. If this 
point is independent of the percentage of solids in the soil mass, it may be 
characteristic only of the kind of soil. It would appear that a marked change 
in specific volume should occur at this point and it may be thus quantitatively 
the same as the “critical moisture” content of Cameron and Gallagher (11). 
If these points are identical the volume percentage of the contained water 
should vary with the volume percentage of the solids, as is plainly inchoated 
by these author’s observations on wetted and dried soils. The apparent agree- 
ment between the “critical moisture” content and the “moisture equivalent” 
of Briggs and McLane (9) cannot be considered real since the method used 
by the latter authors (subjection of the sample to great centrifugal ’force) 
must result in a packing of the soil so that this “constant” cannot be deter- 
mined for soils with a low percentage of solids if a constant force is employed. 

Since there is undoubtedly a variation from one soil to another in the 
degree of soil moisture at which surface forces are no longer effective in the 
movement of water, there is great probability that, of two soils having the 
same value for (a - m)\ the one that would have the lowest percentage of 
water when puddling occurred would exhibit the higher initial rate, for it 
woftd be nearer complete saturation than the other. These considerations 
emphasize the need of further investigations on the “critical moisture” con- 
tent of soils, especially with regard to a simplification of the method and the 
relation of this point to that at which puddling occurs. 

Another explanation for the relatively smaller rate with the garden s8il 
than with the sand is based upon the decrease in surface tension caused by 
the fatty substances of the manures that were applied to the former. Whether 
this had an effect upon the gas-water surface-tension or only upon the solid- 
water surface tension cannot be stated because of the meagemess of data, 7 
although it seems at present that the latter is the more probable. 

In table 1 and in figure 12 are presented the values of s calculated from the 
observed rates and the value of k, together with the corresponding values of 
r{a — m)\ If a straight line is drawn, passing as nearly as possible through 
all the plotted values of 5 in the tests with garden soil it intersects the hori- 

7 Considerable literature on absorption in soils is summarized by Patten and tVagga- 
man (18). * 
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zotital axis at the right of the origin. This may indicate that water may be 
present in the soil above the a water content and yet permit of no measurable 
absorption by the osmometer or it may indicate that the curve becomes 
changed in slope as it approaches the horizontal axis. A line drawn through 
the two values for s determined from the sand tests, however, cuts the origin 
almost exactly and in view of the difficulty of obtaining from the present 
data information regarding the actual values for 5 uncomplicated by tempera- 
ture effects and errors of observation, it is idle to attempt a conclusion on 
this point. 



Fig. 12. Initial Rates of the Soil Tests 


•Points designated r signify the rate was calculated from the expression r (a—m ) § in which 
r = 0.417, r' signifies the rate was calculated from r* [a~m) f in which r' = 0.686, and s 
signifies the rate was calculated from equation (6). 

3 . THE HEIGHTS OF THE GRAPHS DURING THE FIRST FEW MINUTES 

Apparently the first few observations in each test are not indicative of the 
actual movement of water into the osmometer. To obtain a reading truly 
representative of this movement it is necessary that the instrument, when 
placed in the soil, shall be at once in full operation and that no change shall 
occur in the volume of the contained solution, other than that due to the 
entrance of water. As already noted, complete contact with the soil was 
assumed only when movement of the osmometer was not followed by an 
apparent increase in the rate. 
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The temperatures of the solutions used in the tests were lower than those 
of the soil in every case except those of 6, 8 and 9. the actual amount of 
these differences cannot be stated, as some change occurred before the osmom- 
eter could be placed in position, but since an approximate change in volume 
of 10 cu. mm. follows a change in temperature of 1.0°C., the probability of large 
errors in the first few readings is very great. Although no data are available 
dealing with the temperatures of the solutions used in the tests with sand it is 
very probable that the soil was much the colder. The soil temperatures were 
low and the osmometers and solutions were exposed to direct sunshine during 
the thirty to forty-five minutes required to transport them to the locality at 
which the tests were made. 

Besides the inaccuracies due to causes already mentioned, the observation 
of the rate during the first time-interval is probably affected by the drying 
of the soil surface during the time the osmometer was being placed in position, 
the excess of water on the membrane, due to incomplete removal with absorb- 
ent paper, and deficiency of water in the membrane through exposure to the 
air. These conditions appear to be only temporary and are, perhaps, of Might 
importance. 

4. THE APPARENT FLUCTUATION IN THE RATES OF WATER MOVEMENT 

Of the possibilities in this connection, expansion and contraction of the 
osmometer solution due to changes in temperature are undoubtedly influential. 
It is impossible to estimate accurately this class of effects because the rate of 
temperature change in the solution was necessarily slower than the rate of 
change in the external temperature, so that the volume of the solution must 
often have been changing in a direction opposite to that in the external tem- 
perature. Since there was some change in the temperature of the solutions 
the fluctuations in the rates must be ascribed at least to some extent to tem- 
perature changes. 

The changes in volume of the solution were read on a graduated tube made 
by cutting off the capillary tip of a Mohr pipette, having a capacity of 1 cc. 
and graduated to hundredths. Since it was necessary to read to thousandths 
(cubic millimeters) tenths of intervals were estimated. Errors in estimation 
of a cubic millimeter were accordingly possible, although the probability of 
frequent errors greater than this is small. 

Fluctuation of the observed rates is also possible through the lack of uni- 
formity in the soil. As has been noted, a soil is in equilibrium when the 
surface curvatures of all the wedges are the same, regardless of the amount of 
water contained in the wedges. If the soil were perfectly homogeneous, all 
grains being of the same shape, touching each other at corresponding points 
and uniformly distributed, the amounts of water forming the wedges would 
probably be the same. Without question this condition never obtains. ' Some 
wedges, because of accidents of shape and arrangement of soil grains contain 
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more water than others. Uniformity of distribution of either water or soil 
grains also certainly never occurs. In consequence of this irregular distri- 
bution of water it appears inevitable that the same alteration in capillary 
tension in different portions of a soil will be accompanied by movement of 
different amounts of water. In such ways fluctuations in the rate of intake 
by the osmometers may occur. 

, Changes in the positions of the soil grains consequent upon water withdrawal 
would decrease the rate of movement from wedge to wedge and this effect 
should be most apparent in loosely-packed soils. Reference to the graphs 
will make evident the apparent fact that, in general, the greatest variation is 
in such soils, but it should also be noted that it is in such soils that the lack of 
uniformity in soil and water distribution is the greatest, thus producing the 
effects discussed in the preceding paragraph. 

THE DETERMINATION OF THE PERCENTAGE OF WATER IN THE SOIL ON THE 
♦ BASIS OF APPARENT, OR GROSS SOIL VOLUME 

The usual methods for obtaining the volume percentage of moisture con- 
sist of cutting a rather large block of soil, or removing a short column with a 
tube forced into the soil, or removing a mass of soil with a soil augur. Of 
the three, the last-mentioned is the best method although it is, like the first, 
unsatisfactory because small stones and other objects that have no direct 
effect upon water movement may comprise a part of the soil removed. The 
first method is also unsatisfactory because the dimensions of the blocks are 
difficult to determine with accuracy. The second method is of least value 
since the tube compacts the soil because of friction between the soil mass 
and the walls of the tube. Compression of the soil in front of the tube will 
prevent the desired amount of soil from entering and compression within the 
tube will change the volume of that portion of the soil that is removed, these 
circumstances preventing any accurate knowledge of the volume occupied 
'by the soil when in its original condition. Packing also occurs when the soil 
augur is used but to a less extent. The need was accordingly for an instru- 
ment with which samples might be removed in practically their original volume. 
The instrument described below and illustrated in figure 13 was constructed 
to cut soil blocks quickly and with a high degree of accuracy. 

A thin, flat blade of metal was attached to a handle in such a way as to 
give a rigid surface about 2 inches broad and 4 inches long. This blade was 
pointed at the tip and sharpened along the sides and tip to a knife edge. A 
rectangular box, formed from sheet metal with the upper and lower faces open 
and with the lower (cutting) edge of tlie remaining four sides bevelled on the 
outside (so that all compression of the soil in a direction normal to the di- 
rection of movement of the cutting edge was avoided), was hinged to the 
blade in such a way that it would pivot about an axis parallel to the broad 
surface of the blade. In operating the instrument, this rectangular b^x was 
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turned on its axis until it stood at right angles to the broad blade, which was 
then forced horizontally into the soil about an inch below the surface. The 
box was then swung downward to a horizontal position, thus cutting out a small 
block of the soil that lay above the blade. The entire instrument was then 
removed, the soil lying outside the box was brushed away, and the soil 
projecting above the sides of the box was trimmed with a sharp knife to form 
a surface flush with the sides. The weight of the water and that of the soil 
contained in the block were then determined in the usual way, by weighing, 
drying at 103'-105°C., and reweighing. 




To determine the internal capacity of the box, a block of putty was cut out as 
described above, removed, and dropped into a graduated cylinder partly full 
of water. The increase in volume of the contents of the cylinder gave the 
capacity of the box. Several determinations made in this way indicated 
that the volume of the soil blocks was 7.6 cc., the greatest variation observed 
being about 1 per cent. 

Soil samples obtained in the held were immediately placed in small glass 
vials, tightly stoppered with paraffined cork stoppers and weighed indoors 
to the nearest centigram within five minutes of the time they were obtained. 
They were later dried at a temperature of 103-105° C. in an electric oven in 
the same vials with the stoppers removed, cooled in a desiccator over calcium 
chloride, the stoppers replaced and again weighed. 
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THE SOILS USED IN THESE TESTS 

The garden in which most of the tests were conducted had been terraced 
up to its present height 10 feet above the iand below, so that its level was near 
the summit of the hill of which it had formerly been the steep eastern slope. 
It had been in constant use as a vegetable garden for over fifty years and had 
been almost yearly manured with stable manure. The soil is a very black 
sandy loam, containing almost no clay, but with considerable amounts of 
humus. No test was made within 4 feet of the position of any former test. 

The soil termed sand formed a 30-foot hill whose steep northern slope 
extended down to a river. This soil is a fine yellow sand and very uniform. 
A thin (2 to 3-inch) layer of dark, humus-bearing soil overlay the sand and 
the osmometers were placed with the upper edge of their membranes about 
an inch below the junction of the two sorts of soil. Large oak (Quercus rubra) 
elm (. Elmus Americana) and basswood ( TUia Americana ) trees grew on this 
hill in sufficient number to shade the area in which the tests were made. Near 
the river Taraxacum officinale, several ferns, mosses, Viola, Oxalis , Cnicus, 
Ribes Cynosbati and Ribes Canadensis were growing sparsely, and among them 
test 9 was made. A portion of the slope was much steeper than the remainder, 
forming a ridge running back from the water’s edge. Some distance from the 
river this ridge supported only infrequent clumps of a coarse grass, and here 
test 8 was made. 

SUMMARY OP FIELD PROCEDURE WITH OSMOMETERS 

An osmometer, after being tested for permeability, was filled with M. 1.5 
magnesium sulfate solution and carried to the experimental plot (30 to 40 
yards in the garden, a few feet when the sand was tested) in water. A wedge- 
shaped trench was cut in the soil to a depth of about once and a half the 
height of the osmometer, i.e., about six or seven inches, and slightly narrower 
at the top than was the osmometer at its widest part. The edges of the trench 
were trimmed with a sharp knife to a plane surface, making it slightly wider 
at the top than the maximum diameter of the osmometer. The instrument 
was then removed from the water, the excess moisture on the surface of the 
membranes was removed with absorbent paper and it was lowered into the 
trench until it fitted snugly. Pressure was carefully regulated so that the 
natural texture of the soil surface was altered as little as possible. The 
remainder of the trench was filled with the earth that had been removed in 
its formation, some of which was used to cover the entire osmometer except 
the horizontal graduated tube. As soon as the instrument was in position an 
observation was made and further observations were taken regularly during 
the time the osmometer was in operation. A thermometer was inserted in the 
soil within an inch or two or the osmometer’s position but in an undisturbed 
portion and another was hung near the first and close to the level of the ground. 
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TABLE 1 

Numerical data jar the soil tests 


(Area of membranes 2.863 sq.cm., r - 0.417; r' = 0.686; k = 94; length of period, ten minutes) 
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TABLE 2 

Numerical data of the test of the osmometer operating against water 


(Length of period five minutes) 
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On sunny days and during rain the osmometer and thermometers were pro- 
tectedby a canvas shade about 6 feet square. 

The greater portion of this work was done in the Laboratories of the Botani- 
cal Department of the University of Wisconsin and the author is indebted 
to Professor J. B. Overton for facilities, aid and encouragement. He also 
desires to express his thanks to Professor B. E. Livingston, who suggested the 
problenf and whose constant interest and help have been greatly appreciated, 
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EDITORIAL NOTE 

Mr. Nicholas Kopeloff, for 18 months assistant editor of Son Science, 
has accepted service with the United States Department of Agriculture and 
finds it necessary for this reason to sever his connection with Soil Science. 
The editors wish to express their feeling of indebtedness to Mr. Kopeloff 
for faithful and efficient service. 
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Ever since the days of Liebig, the need of the return to the soil of the phos- 
phorus removed by crops has been recognized. Various phosphorus-con- 
taining materials have been and are still being employed as fertilizers but 
the discovery of the extensive deposits of mineral phosphates in various 
parts of this country has made these materials, at this time, the chief source 
of phosphorus for general fertilization purposes. 

The phosphorus in these mineral phosphates is in an unavailable form and 
they have been treated commercially with sulfuric acid to produce available 
phosphorus or “acid phosphate.” Considerable expense is involved in this 
process with the consequent effect that the phosphorus in acid phosphate 
costs the farmer more than twice as much as that in the raw rock. Attempts 
have therefore been made from time to time to devise some practical method 
of treating the raw material on the farm, either before or after application to 
the soil, to make it available. Many experiments have been carried out, 
mixing the phosphate with decaying organic matter, but the results have been 
far from satisfactory. The investigations have been summarized by Lip- 
man, McLean and Lint (5, 6) and the conclusion seems well warranted that 
this production of acid phosphate on the farm by composting with organic 
materials is at best a very uncertain process. 

The above-mentioned authors suggested the use of free sulfur with rock 
phosphate to make the phosphorus available. The sulfur is oxidized rapidly 
in the soil through the action of microorganisms and the sulfuric acid pro- 
duced reacts with the raw rock, producing acid phosphate in much the same 
way as the latter material is obtained commercially. This method of produc- 
ing available phosphorus was tested with several soils and was found to be 
very efficient in all cases. The soil containing the largest amount of organic 
matter was found, however, to lead to the greatest increase in available 
phosphorus. The authors conclude that in field practice, inert phosphates 
may best be made available by sulfur oxidation in a compost heap contain- 
ing' a relatively large proportion both of phosphate and sulfur. 

From a consideration of the investigations briefly referred to above and 
the conclusions drawn from them, it seemed that acid phosphate might bfe 
produced on the farm to good advantage by composting the raw rock with 
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sulfur and manure. A double purpose might thus be accomplished, not 
only by producing available phosphorus, but in conserving the manure. 
Just how efficient such a method of conservation of the valuable portions 
of manure might be, remains to be ascertained in future studies. The pres- 
ent work is concerned only with the changes which the phosphorus and the 
sulfur undergo in the manure heap. 

Furthermore, if it were possible to produce acid phosphate in the manure 
heap by composting not only would there be a large saving in the cost of the 
phosphorus applied to the soil, but also the expense of application would be 
lessened. 

The purpose of the experiments reported in the following pages was there- 
fore to ascertain the feasibility of producing acid phosphate on the farm by 
composting rock phosphate with sulfur and various farm manures. 

EXPERIMENTAL 

It was realized that one of the chief factors involved in the success of the 
process would be the efficiency of the sulfofying flora of the manure. Ac- 
cordingly, a preliminary series was planned to throw some light on this point 
and to compare the sulfofying floras of the manures to be tested with that 
of a rich loam. 

One-hundred-gram quantities of an air-dry silt loam were weighed out in 
tumblers. Each portion of soil received an addition of 100 mgm. of flowers 
of sulfur, which were thoroughly stirred in. Duplicate portions of the soil 
were then inoculated with 5 cc. of infusions of compost, horse manure, cow 
manure and fresh soil, respectively. Water was added in sufficient amounts 
to bring ttie content of the soils up to the optimum. The mixtures were 
incubated for 10 days at room temperature. At the end of that time the 
sulfates were extracted by shaking with water for 7 hours and determined 
photometrically according to the method of Brown and Kellogg (2). 

The results of this test were as follows : 



MGM. OF SULFUR AS 

average 

INFUSION 

SULFATE 

Compost | 

60.80 

62.80 

61.80 

Cow manure ^ 

61.20 

62.00 

62.80 

Horse manure | 

62.80 

63.60' 

64.40 

Loam | 

62.80 


62.00 ' 

62.40 


It is apparent from these results that each of the manures in question has 
a sulfofying flora practically as efficient as that of the rich loam. The horse 



PRODUCTION OF PHOSPHORUS FROM ROCK PHOSPHATE 


271 


manure seemed to give a slightly more vigorous action than the other manures 
and the soil, but the differences were too small to be distinctive. In every 
case over 60 per cent of the sulfur added was transformed to sulfates. This 
would indicate clearly that the manures and the soil tested contain sulfo- 
fiers of such efficiency and in such abundance as to insure a rapid production 
of sulfates in the field. 


PLAN OF THE EXPERIMENT 

The experiment was arranged in three series, a different manure being used 
in each. Compost, cow manure, and horse manure were used in series A, 
B and C, respectively. 

The compost consisted of a mixture of horse manure, cow manure, straw, 
hay, and other litter. It represented fairly well the contents of the ordinary 
manure pile or pit. This material was dried, ground, mixed and analyzed 
for total phosphorus. The phosphorus content was found to be 0.3232 per 
cent, on the dry basis. 

The horse manure and cow manure were fresh, unfermentcd materials and 
contained no straw or litter of any kind. These were treated in the same 
manner as the compost. The phosphorus content was found to be 0.6051 and 
0.5165 per cent, respectively. 

The rock phosphate employed was a finely-ground rock, analyzing 12.81 
per cent of total phosphorus. Pure precipitated sulfur was used. 

Small glass tumblers were used as containers. Therse were fitted with tin 
covers to prevent excessive evaporation, but loosely enough to permit ade- 
quate aeration. In each tumbler was placed 25 gm. of the dry manure, 
treated in duplicate, as follows: 

Nos. 11 to 15 (inclusive) 25 gm. manure. 

Nos. 21 to 25 (inclusive) 25 gm. manure. 

Nos. 31 to 35 (inclusive) 25 gm. manure + 4 gm. rock phosphate. 

Nos. 41 to 45 (inclusive) 25 gm. manure + 4 gm. rock phosphate 

Nos. 51 to 55 (inclusive) 25 gm. manure + 1| gm. sulfur. 

Nos. 61 to 65 (inclusive) 25 gm. manure + H g®* sulfur. 

Nos. 71 to 75 (inclusive) 25 gm. manure + H gm. S. + 4 gm. rock phosphate 

Nos. 81 to 85 (inclusive) 25 gr. manure + H gm. S. + 4 gm. rock phosphate. 

Each series was treated the same, the only difference being in the manure 
used. All additions were thoroughly mixed with the manure and the con- 
tents of each tumbler were inoculated with 2 cc. of a corresponding infusion 
of fresh manure. Sufficient water was added to bring the contents of the soils 
up to the optimum and they were incubated at room temperatures, the water 
lost by evaporation being restored every three weeks. 

The entire contents of the pots were taken for analysis. This was done in 
order to eliminate the possibility of not securing representative portions of 
the mixtures-. Determinations of available phosphorus were made at the 
following intervals: 



272 


P. E. BROWN AND H. W. WARNER 


Nos. 11, 21, 31, 41, at beginning (no fermentation). 

Nos. 12, 22, 32, 42, after 6 weeks’ fermentation. 

Nos. 13, 23, 33, 43, after 9 weeks’ fermentation. 

Nos. 14, 24, 34, 44, after 12 weeks’ fermentation. 

Nos. 15, 25, 35, 45, after 15 weeks’ fermentation. 

Available phosphorus determinations 

The methods now in use for determining available phosphorus are quite 
arbitrary, and in no way can they be considered even as approximations of 
the phosphorus actually available for plant use. In this work, the phosphorous 
was extracted by N/5 HN0 3 with 5 hours' constant shaking at room tem- 
perature. The N/5 HNO s is perhaps a more active solvent than some of the 
other extraction-solutions, but it undoubtedly gives dependable comparative 
results. 

Fraps (4), Tottingham and Hoffman (7) and Ames and Gaither (1) have used 
this acid for phosphorus extraction. The greater convenience of preparing 
and working with N/5 HN0 3 , as compared with some of the other solvents, 
was also considered in the selection of this solution as the measure of avail- 
ability. 

To determine the available phosphorus by this method the contents of the 
tumblers were transferred to shaker bottles with 250 cc. of N/5 HNOj. 
These were shaken for 5 hours in a mechanical shaker. The contents were 
filtered and duplicate 50-cc. portions of the filtrate were evaporated to dryness 
with 5 cc. of Mg(N0 3 )2< The residues were ignited and dissolved in HNOj 
and a little HC1. The phosphorus was then precipitated in the usual way and 
determined volumetrically. 

Series A 

In table 1 are given the results of the determinations made in Series A where 
compost was used as the manure with which the floats and sulfur were 
composted. 


TABLE 1 

Determinations oj available phosphorus when compost was used 



COMPOST 

COMPOST 
AND SULFUR 

INCREASE 
DUE TO 
SULFUR 

COMPOST 

AND 

FLOATS 

COMPOST, 
SULFUR AMD 
FLOATS 

INCREASE 
DUE TO 

SULFUR 

Total Phosphorus 

Time: 

mgm. 

80.8 

mgm. 

80.8 

mgm. 

mgm. 

593.2 

mgm. 

593.2 


At beginning 

49.3 

49.3 

0.0 

289.9 

289.9 

0.0 

End of 6 weeks 

47.9 

56.9 

9.0 

249.5 

342.2 

92.7 

End of 9 weeks 

58.3 

63.3 

5.6 

255.5 

371.0 

115.5 

End of 12 weeks 

59.9 

63.3 

3.4 

268.9 

395.4 

126.5 

End of 15 weeks 

57.6 

60.9 

3.3 

272.9 

428.6 

' 155.7 
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It is evident t from these figures that in the untreated compost, fermenta- 
tion caused a father noticeable mcrease in available phosphorus which ap- 
parently reached its maximum at the end of 9 weeks, the variations after that 
time being too small to be distinct. The compost treated with sulfur gave a 
similar mcrease which was slightly greater than where no sulfur was added 
The addition of sulfur apparently enhanced the solubility of the phosphorus 
although to a rather limited extent. When rock phosphate, containing 
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Weeks of incubation. 

Fig. 1. Diagram Showing Determinations or Available Phosphorus When Compost 
Was Used 

512.4 mgm. of phosphorus, was added to the manure, there occurred at the 
beginnmgj an enormous increase 'in available phosphorus. This increase 
represented 45 per cent of the total phosphorus in the mixture. Evidently 
the solution used for extraction dissolved much more phosphorus from the 
floats than would be readily available to plants. Six weeks of fermentation 
caused a very noticeable depression in phosphorus-availability. After that 
time, however, there was a continuous, gradual increase, up to 15 weeks, 
but at that time the original degree of solubility had not quite been attained. 
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With longer incubation, further increases in available phosphorus might have 
occurred and the amount produced might have been far ir?excess of that 
obtained at the beginning. 

Where sulfur was present with the compost and floats an unquestionable 
increase in availability was found. With only 6 weeks’ composting, the sul- 
fur caused a greater solubility of phosphorus by 92.7 mgm., as compared with 
the mixtures containing no sulfur. The increases became greater at each 
sampling until at the final date a gain of 155.7 mgm. of phosphorus, or 26 
per cent of the total phosphorus present, was obtained, due to the action of 
the sulfur. The addition of sulfur to the floats and manure evidently not only 
offset the depression brought about in the mixture of compost and floats, 
but caused a very marked gain in the solubility of the phosphorus in the floats. 
The results obtained in this series furnish very definite evidence in support 
of the theory that the phosphorus in floats may be made available by com- 
posting with manure and sulfur. The results of Series A, as given in table 
1, are shown graphically in figure 1. 

Series B 

The results given in table 2 show the amounts of available phosphorus 
found at the various 'intervals in mixtures of ^ow manure with floats and 
sulfur. 


TABLE 2 

Determinations of available phosphorus when cow manure was used 



COW 

MANURE 

cow ma- 
nure AND 
SULFUR 

INCREASE 

DUE TO 
SULFUR 

COW MA- 
NURE AND 
FLOATS 

! cow ma- 
nure, 

SULFUR AND 

FLOATS 

TNCREAIE 
DUE TO 
SULFUR 

Total Phosphorus 

mgm. 

129.1 

mgm. 

129.1 

mgm. 

645.1 

mgm. 

645.1 

mgm. 

Time: 

At beginning 

103.9 

103.9 

0.0 

307.9 

307.9 

0.0 

End of 6 weeks 

79.5 

100.3 

20.8 

284.9 

421.5 

136.6 

End of 9 weeks 

80.6 

96.6 

16.0 

297.7 

437.9 

140.2 

End of 12 weeks 

81.6 

97.6 

16.0 

285.9 

444.5 

158.6 

End of 15 weeks 

83.3 

99.3 

16.0 

279.9 

464.2 

184.3 



It is evident from these data that the availability of the phosphorus in the 
untreated cow manure was greatly lessened by fermenting for 6 weeks. This 
is in direct opposition to the corresponding results in tfip compost series, 
where an increase in availability was ffiund. After 6 weeks there was a 
gradual increase in the availability which was so small as to be of no conse- 
quence. This decrease in available phosphorus is probably the result of the 
vigorous action of phosphate-assimilating organisms in the early stages of 
fermentation in fresh manure. 

Where sulfur w r as added to the manure a very slight decrease in available 
phosphorus occurred. Here the presence of sulfur practically prevented 
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any depression in phosphorus-solubility, but did not cause any greater solu- 
bility from tig original analysis to later ones. 01 the 512.4 mgm. of phos- 
phorus in the rock phosphate added to the manure, 204.0 mgm. were found 
to' be soluble, at the first sampling. At later dates smaller amounts of avail- 
able phosphorus were obtained, the decrease becoming slightly greater at 
the end of 15 weeks. If the experiment had been continued for a longer 



Weeks of incubation. 

Fig. 2. Diagram Showing Determinations or Available Phosphorus When Cow 
Manure Was Used 

time an increase in available phosphorus might have been secured. Evi- 
dently the activities of phosphate-assimilating organisms is great enough in 
the early stages of fermentation of manure to reduce the availability not only 
of the phosphorus in the manure but of that added in the phosphate. 

Where* sulfur had been added with the floats the effects on the produc- 
tion of available phosphorus are quite distinct. After 6 weeks of compost- 
ing, the sulfur produced the remarkable increase of 136.6 mgm. of available 
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phosphorus over the manure-floats mixtures. Larger increases were found 
at each succeeding date and the greatest effect of the sulfur found at the 
final analysis when 184.3 mgm. of phosphorous were made soluble. This 
amount equalled 29 per cent of the total phosphorus in the manure and floats. 
As in the preceding series the action of the sulfur not only overcame the de- 
pression in phosphosus-availability in the manure-floats mixture but also 
brought about a very marked increase in soluble phosphorus at the succes- 
sive periods of composting. Series B affords additional data confirming the 
theory that the phosphorus in floats may be made available by composting 
with manure and sulfur. Figure 2 show r s graphically the numerical results 
expressed in table 2. 

Series C 

In this series horse manure was used as the medium to which the floats 
and sulfur were added. The results of the determinations for available 
phosphorus are recorded in table 3. 


TABLE 3 

Determinations of available phosphorus when horse manure was used 



HORSE 

manure 

HORSE MA- 
NURE AND 
i SULFUR 

INCREASE 
DUE TO 
.SULFUR 

1 HORSE MA- 
NURE AND 
FLOATS 

HORSE MAN- 
URE, SULFUR 
AND FLOATS 

INCREASE 
DUB TO 
SULFUR 

Total Phosphorus 

Time: 

mgm. 

150.8 

mgm, 

150 8 

mgm. 

mgm. 

663 2 

mgm. 

663.2 

mgm. 

At beginning 

107.9 

107.9 

1 00.0 

363.9 ; 

363.9 

00.0 

End of 6 weeks 

106.8 

110.9 

4.1 

342.9 ' 

415.2 

72.3 

End of 9 weeks 

102.3 

113.6 

11.3 

338.2 

433.9 

95.7 

End of 12 weeks 

89.5 

113.6 

24.1 

350.9 

451.5 ; 

100.6 

End of 15 weeks 

99.9 

112.3 

12.4 

362.5 

481.9 

119.4 


As in Series B, there was a depression in available phosphorus in the un- 
treated manure. This was greatest at the end of 12 weeks, the final analysis 
exhibiting a distinct increase in the phosphorus extracted, but the amount 
was less than that secured in the unfermented manure. Upon addition of 
sulfur, this depression was eliminated and actual increases over the original 
analysis are to be noticed. The effect of the sulfur was greatest at the 12 
weeks’ sampling when its presence caused an increase of 24.1 mgm. of avail- 
able phosphorus over the manure to which no sulfur had been added. 

Of the 512.4 mgm. of phosphorus in the floats added to thfe manure, 256.0 
mgm. are indicated as available, at the first analysis. A decided decrease 
in available phosphorus then took place until after the 12 weeks’ interval, 
when an increase occurred. The final extraction of the manure-floats mix- 
ture was only very slightly less than the original extraction of^he same 
mixture. These results are similar to those secured with the compost ajid the 
reverse of those with the cow manure. 
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Again, the addition of sulfur to the manure and floats appreciably enhanced 
the solubility the phosphorus in addition to overcoming the lessened solu- 
bility found in the manure-floats mixtures. At the end of the experiment 
there was an increased availability of 119.4 mgifl. of phosphorus, or 18 per 
cent of the total, which increase was due to the action of the sulfur added. 



Fig. 3, Diagram Showing Determinations of Available Phosphorus When Horse 
Manure Was Used * 


The results of this series check those of series A and B in substantiating the 
theory upon which the experiment was based. Figure 3 is the graphic repre- 
sentation of the results tabulated in table 3. 

discussion 

For the most part, a rather close agreement is found between the results 
of these three series. The most noticeable exception to this occurred in the 
Case <3f the untreated manures, where the fermentation increased the avail- 
able phosphorus in the compost material but decreased it in both the cow 
manure and horse manure. The cause of these differences is uncertain but 
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it is probable that the variations in the physical, chemical and bacteriological 
conditions of the various manures had much to do in bringjig about these 
results. The depressions found in the amounts of available phosphorus in 
the horse manure and cow manure agree with the results obtained by Egorov 
(3). When sulfur was added to the manures there was a more or less apparent 
gain in available phosphorus, as compared with the untreated manures, 
In the horse manure-sulfur mixtures and compost-sulfur mixtures, the final 
results were somewhat higher than the original results. The reverse was 
true in the cow manure-sulfur mixtures although the difference between the 
first and last analyses, in this series, was inconsiderable. « 

Undoubtedly, the method of extracting the available phosphorus indicated 
a greater amount of phosphorus than would be readily available of plants. 
Where 512,5 mgm. of phosphorus were added to the manures, increases were 
found of 240.6 mgm., 204 mgm. and 256 mgm. of soluble phosphorus, in Series 
A, B and C, respectively, before fermentation. This shows, further, that 
when the floats were mixed with the various kinds of manures, different 
amounts of phosphorus were extracted. It would seem that the manures 
absorbed different quantities of the extracting-acid, thus leaving unequal 
amounts of this solution free to act upon the particles of floats. It is pos- 
sible, too, that one kind of manure may have offered more physical protection 
to the floats particles than did another kind. Although N /5 HNO 3 probably 
yielded high absolute amounts of available phosphorus, it undoubtedly yielded 
reliable comparative amounts. 

In each of the three series, fermentation depressed the solubility of the 
phosphorus in the manure-floats mixtures. In series C, the final analysis of 
he manure and floats showed almost the same availability as the first anal- 
ysis. This would indicate that, after a period of depression, there is a ten- 
dency to regain the original solubility. The same phenomenon was found 
to occur in the compost-floats mixtures. The depression of available phos- 
phorus in the manure and floats is probably attributable to bacterial assim- 
ilation of the dissolved phosphorus. The cause of the increases subsequent 
to the decreases may be that after a certain time the phosphorus-assimilating 
bacteria cease to develop proportionately to the phosphorus-liberating 
bacteria, which condition then permits of the accumulation of soluble phos- 
phorus. It is of interest to note that in no case did composting of floats 
with manure result in increased availability of the phosphoric acid. This 
agrees well with the results of several other investigations. 

The enormous gains in available phosphorus where sulfur was added with 
the rock phosphate are the significant results of this experiment. These 
gains in phosphorus-solubility are so consistent and of such magnitude that 
the effect of the sulfur can hardly be questioned. After 15 weeks of composting 
the available phosphorus, as a result of the action of the sulfur, amounted tq 
about 24 per cent of the total phosphorus in the mixtures of manure-sulfur- 
floats in every series. The constant increases in phosphorus-availability 
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with the successive analyses indicate that, upon longer composting, a greater 
percentage of tfie floats would be made available. It is very evident that the 
sulfur was oxidized to sulfuric acid by the sulfofying organisms introduced 
in the manure infusions. The sulfuric acid thus formed reacted with the 
insoluble rock phosphate and produced acid phosphate in the same way that 
this product is made commercially. 

It is a common practice to apply manure with rock phosphate with the 
idea of making the latter available in the soil. It should be equally practicable 
to apply a mixture of these materials with sulfur after composting, and 
especially if the phosphorus can be applied in a more av ailable form. 

There are several considerations which must be taken into account in the 
application qf this composting process to farm practice. Some of these are: 
the ratio of sulfur to the floats and the proportion of these materials to the 
manure in the composting mixture; the length of time for a maximum pro- 
duction of available phosphorus in the compost; and finally, and most im- 
portant of all, the economic consideration. 

Commercially, acid phosphate is prepared by treating rock phosphate with 
an equal part by weight of 60 per cent sulfuric acid. About 400 pounds of 
sulfur are contained in 1 ton of this acid, hence the sulfur and floats should 
probably be mixed in the proportion of about 1 part of sulfur to 5 parts of 
floats. The amount of this mixture to use per ton of manure must be gov- 
erned by the amount of manure and the amount of rock phosphate to be 
applied. Experiments along this line are desirable, for while there might 
probably be no fixed mixture which would be the most profitable, there would 
undoubtedly be a minimum amount of manure which should be used with a 
certain amount of rock phosphate. 

The results of this experiment show that the longest time of composting 
gave the highest availability of the phosphorus. Ordinarily it would be 
possible and practicable to allow the late summer, fall and winter manures to 
compost until spring. This would permit of from 2 to 4 months' composting 
in which time a sufficient amount of available phosphorus would be produced 
to meet the early requirements of the crop. The continued action after 
applying the composted mixture to the soil would make an adequate accumu- 
lation of available phosphorus for the later growth of the crop. 

To know whether it is economical to produce available phosphorus by this 
method it must be tested under actual field and crop conditions. Some 
theoretical estimations can be made, however, which should indicate rather 
definitely the economy of such a practice. Since the “compost” material 
used in this experiment most nearly represented the mixed barnyard manures, 
the calculations should be based on the results in series A. The 25-gm. 
portion of dry compost was equivalent to 100 gm. of the fresh material. 
Hence, in the experiment, the floats were added in the proportion of 4 to 
100 or 80 pounds of floats per ton of fresh manure. The floats contained 
12.81 per cent of phosphorus. Thus 10.25 pounds of the element phosphorus 
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were added in each 80-pound portion of raw rock. After 15 weeks there 
was an increased availability equal to 26 per cent of the tdtal phosphorus 
in the mixture. The total phosphorus in one ton of fresh manure and 80 
pounds of floats was 11.85 pounds. Therefore, an increase of 26 per cent of 
the total phosphorus would be equivalent to 3.08 pounds of available phos- 
phorus per ton of the mixture. Assuming that the N/5 HN0 3 extracted 
twice as much phosphorus from the mixture as would be readil)P available to 
plants, the amount of available phosphorus produced would be reduced to 
1.54 pounds. Then, in a 10-ton application of this composted mixture con- 
taining 800 pounds of rock phosphate, there would be, presumably, 15.4 
pounds of available phosphorus produced in 15 weeks’ fermentation. This 
amount alone is enough for a 90-bushel crop of com or a 60-bushel crop of 
wheat. But the production of available phosphorus would not cease upon 
application of the mixture to the soil. It has been shown that the produc- 
tion of soluble phosphorus by sulfur-oxidization goes on very rapidly in a soil 
medium. Hence the conclusion seems justified that there would be a con- 
tinuous action going on in the soil until practically all of the rock phosphate 
became converted to acid phosphate. 

Theoretically, the foregoing discussion and estimates show that a sufficient 
amount of available phosphorus for crop requirements can be produced by the 
proposed method, and that the entire application of floats can be made avail- 
able upon further action in the soil. Rock phosphate costs about $10.00 a* 
ton, including freight, and 400 pounds of sulfur cost about $8.00. Thus the 
cash investment necessary for making a ton of floats available would be about 
$18.00. On the basis of 12.81 per cent of phosphorus in rock phosphate, it 
would be possible to make 256 pounds of available phosphorus at a cost of 
$18.00, or 7.0 cents per pound of phosphorus. Commercially manufactured 
acid phosphate costs about 15 cents per pound of phosphorus contained. 

From the estimates made above and from the calculations based upon these 
estimates, it appears highly probable that rock phospjiate can be made 
Available in a practical and economical way on the farm. The proposed 
method is based upon sound bacteriological and chemical principles and is in 
no way impracticable in its application. Actual field tests must of course be 
carried out before definite recommendations can be made as to the advisabil- 
ity of adopting this process on the farm. 

Series D 

As the foregoing experiments indicate rather definitely the possibility of 
producing available phosphorus by composting rock phosphate with sulfur 
and manure, it was deemed advisable to determine the effect of thorough 
mixing or layering of the floats and sulfur with the manure. 

Accordingly, a series was planned in which different amounts of rock 
phosphate and sulfur were added to horse manure, the additions being thor- 
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oughly mixed in one half of the tumblers and layered in the other half. Rock 
phosphate was used in 1-, 2-, and 3-gm. quantities with the same proportionate 
amount of sulfur as was employed in the other series— 1§ to 4. All the tests 
were made in duplicate. The methods used for inoculation, incubation, 
sampling, analysis, etc., were the same as described for series A, B and C. 
Analyses for available phosphorus were made at the beginning, at the end of 
3 weeks, an#at the end of 6 weeks. 

Table 4 shows the arrangement of this series with the results of the deter- 
minations of available phosphorus. 


TABLE 4 


Determinations of available phosphorus when different amounts of rock phosphate and sulfur were 
used wth horse manure ' , 


TREATMENT 

1 

available pHosrnrmus 

Manure 

i 

Floats 

How added 

At tbe beginning 

After 3 weeks 

| After 6 week* 

gm. 

gm- 


mgm. 

mgm. 

mgm. 

25 

■ i 

Mixed 

188.0 

170.7 

190 3 

25 

1 

Layered 

188.0 

170.3 

179.5 

25 

2 

Mixed | 

286.1 

271.4 1 

292.7 

25 

2 

Layered | 

286.1 

264.1, 

278.5 

25 

3 

Mixed 

337.2 ! 

360.5 

389.8 

<25 

3 

Layered 

337.2 

329.7 

352.5 


. Considering the results in this table, it is apparent that the extraction made 
before fermentation showed nothing of consequence, except that the amount 
of phosphorus extracted was inversely proportional to the amount of floats 
added, per gram of the floats used. For instance, where 1 gm. of floats was 
added to the manuie, there were extracted 188.0 mgm. of phosphorus. One 
additional gram of floats gave an increase of 98.1 mgm of phosphorus. The 
next additional gram of floats gave an increase of only 51.1 mgm. of phosphorus. 
Three weeks of fermentation resulted in a decrease in phosphorus-availability 
in every case, except where 3 gm. of the floats were mixed with the manure. 
At this time, the advantage of mixing as compared with layering was quite 
evident, particularly where the larger amounts of rock phosphate were added. 
The depressions noted were not entirely overcome at the end of 6 weeks. 
Only where 1 and 2 gm. of floats were layered with the manure did this 
depression remain at the last sampling. Evidently, small amounts of phos- 
phate mixed with manure and sulfur are not rendered available as rapidly 
as the larger amounts. The ratio of 3 gm. to 25 gm. of dry manure seems to 
be the smallest proportion which allows the sulfur to increase the production 
of available phosphorus. 

The final sampling showed a very noticeable gain in availability where the 
additions were intimately mixed, as compared with the pots in which the 
additions were layered. In every case, the results of the experiment show 
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rather distinctly the advantage of thoroughly mixing over layering when sulfur 
and floats are composted with horse manure. There is evidently also the 
need of tests to show the proportion of phosphorus and sulfur which should 
be mixed with manure. 

CONCLUSIONS 

The results of these experiments would seem to justify t^e following 
conclusions. 

1. All of the manures and the loam tested contained efficient sulfofying 
organisms, The variations in the efficiency of the organisms in the manures 
and in the soil were too slight to be distinctive. 

2. A depression in phosphorus-availability followed the fermenting of the 
untreated horse manure and cow manure, but in the compost a slight increase 
occurred. 

3. The addition of sulfur to the manures resulted in greater solubility of the 
phosphorus than was found in the untreated manures. 

4. Composting floats with manure not only resulted in no increased avail- 
ability of the phosphorus but in every case caused a noticeable depression 
which ms not overcome at the end of 15 weeks’ fermentation. 

5. Composting floats with manure and sulfur caused a remarkable increase 
in the production of available phosphorus which became greater with longer 
continued fermentation up to 15 weeks. This increase was greater where the 
sulfur and floats w r ere intimately mixed with the manure than where they were 
added to the manure in layers. 

6. Experiments are necessary to ascertain the best amount of phosphate 
to mix with sulfur and manure to secure the highest percentage of availability. 
v 7. Further tests of this method of producing available phosphorus may prove 
it to be of considerable practical value. 

REFERENCES 

(1) Ames, J. W., and Gaither, E. W. 1912 Barnyard manure: production, composition, 

conservation, reinforcement and value. Ohio Agr. Exp. Sta. Bui. 246. 

(2) Brown, P. E., and Kellogg, E. H. 1914 Sulfofication in soils. Iowa Agr. Exp. Sta. 

Research Bui. 18, p. 49-111. 

(3) Egorov, M. A. 1911 Different kinds of stable manure as sources of phosphoric acid. 

In Zhur. OpuitnxAgron. [Russ. Jour. Expt. Landw.], v. 12, no. 4, p. 498-528. 
4 As. in Exp. Sta. Rec., v. 26, p. 123. 

(4) Fraps, G. S. 1909 Active phosphoric acid and its relation to the needs of the soil for 

phosphoric acid in pot experiments. Tex. Agr. Exp. Sta. Bui. 126. 

(5) Lip man, J. G., McLean, H. C., and Lint, H. C. 1916 The oxidation of sulfur in soils 

as a means of increasing the availability of mineral phosphates. In Soil Sti, 
v. 1, no. 6, p. 533-539. 

(6) Lipman, J. G., McLean, H. C., and Lint, H. C. 1916 Sulfus oxidation in soils and 

its effect on the availability of mineral phosphates. In Soil Sci., v. 2, no. 6, p. 
499-538. 

(7) Tottingham, W. E., and Hoffman, C. 1913 Nature of changes in the solubility and 

availability of phosphorus in fermenting mixtures. Wis. Agr. Exp. Sta. Research 
Bui. 29. 



TOTAL NITROGEN AND CARBON IN CULTIVATED LAND AND 
LAND ABANDONED TO GRASS AND WEEDS 

A. W. BLAIR and H. C. McLEAN 
New Jersey Agricultural Experiment Station 

INTRODUCTION 
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A deficiency of nitrogen in the soil so often becomes a limiting factor in crop 
production that any investigation which has as its object a determination of 
. the cause of losses, or methods of increasing the supply, of this element, is of 
prime importance. 

It is already well known that under continuous cropping nitrogen does 
disappear rapidly from cultivated soils, and that frequently the supply is not 
maintained even when fair amounts of nitrogenous fertilizers are applied 
annually (6). That the amount removed in the crop does not account for 
the total loss is likewise well known, but beyond the fact that a part of it is 
found in the drainage waters as nitrates, the information is not very definite. 

In this connection Snyder (14) discussing the effect of the continuous grow- 
ing of wheat on the same land for a period of years says: * 

When wheat was grown continuously upon the same soil for eight years, there was a loss 
of 1700 pounds per acre of nitrogen, about 300 pounds being utilized as plant-food and 1400 
pounds lost by the decay of the animal and vegetable matter of the soil and the liberation 
of the nitrogen as gaseous and soluble compounds. During the eight years of continuous 
wheat cultivation there was a loss of over 21 per cent of the total nitrogen of the soil, equiva- 
lent to an annual loss of 175 pounds per acre in addition to that used as plant-food. 

He found about the same loss when oats and barley were grown continu- 
ously. The same author in a later publication says: (15) 

The loss of nitrogen from four grain farms in ten years amounted to three to five times 
more than was removed by the crops. This loss was due to the rapid decay of the humus 
and the liberation of the nitrogen, which forms an essential part of the humus. When clover 
was grown, crops rotated, live stock kept and farm manure used, an equilibrium as to the 
nitrogen content of the soil was maintained, the mineral plant-food was kept in the most 
available condition and maximum yields were secured. 

Alway, who has made an exhaustive study of the loess soils of Nebraska, 
says (1): “Analyse! show a great loss of nitrogen, humus and unhumified 
organic matter in the case of all fields long under cultivation.” In their 
virgin condition he find? these soils rich in the constituents mentioned. 

Under a consideration of the nitrogen problem Russell (11) says: 

283 
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No element of plant-food is so liable to waste as nitrogen. If a farmer applies potash or 
phosphoric acid to his land he may reasonably expect to get most of it back again, but when 
he applies nitrogen he is almost certain to lose a good proportion of it. The sound practice 
is therefore to keep the nitrogen circulating, to crop it out and replace it, rather than to aim 
at leaving it in the soil. 

Shutt (13) calls attention to the unusually high nitrogen content of some of 
the soils of Manitoba and Saskatchewan (0.2 per cent to 1.00 per cent) but 
points to the fact that the system of grain growing now. in practice on some 
of the lands results in a large loss of nitrogen annually. 

On the other hand, it has been claimed that land allowed to run wild in- 
creases in fertility. In this connection Hall (4) calls attention to the fact that 
a piece of land at Rothamsted which was allowed to run wild contained, at 
the end of 20 years, 2200 pounds more of nitrogen than it contained at the 
beginning of the period. This means an increase of more than 100 pounds per 
acre annually. Hall thinks this increase may be due to symbiotic and non- 
symbiotic fixation, absorption of ammonia, rise of nitrates from the lower - 
subsoil, and nitrogen compounds brought down in rain water. 

Another (2) writer claims that plants derive much more plant-food from 
soils than chemical analysis accounts for. He says: 

A large amount of incidental plant-food, is evidently conveyed by rain water. It ap- 
pears probable also that the fertility given by the deposited excreta of small animals, birds, 
insects and worms and reptiles, and the decay of their bodies upon the ground and also the 
decay of vegetable matter, dust deposited by the wind, leaves, flowers and seeds and branches, 
etc., is largely in excess of what has previously been estimated, and in fact it is of as much im- 
portance as food obtained from the reserves held by the soil itself. This must be known as 
the incidental increment and must be taken into full account in all agricultural operations. 

Hall (5) in a later publication calls attention to the fact that 

with every system of farming a certain position of equilibrium will be reached (viewed over 
a term of years long enough to smooth out seasonal effects) when the natural recuperative 
agencies and the additions of fertilizing materials in the manure are balanced by the removals 
in crops and stock and the inevitable waste. 

The higher the level of production, the greater will be the waste, and in consequence, 
the addition of fertilizer must be doubly increased to maintain the balance. 

Schneidewind (12) conducted experiments which gave indication that 
under ordinary methods of intensive culture with liberal use of manure and 
fertilizers there was a marked depletion of the nitrogen and potassium supply 
of the soil. There was a relative increase of the phosphoric acid under such 
a system. Perotti (10) discussing gain of nitrogen, considers bacteria, molds, 
algae and legumes; and under loss, volatilization of amftionia and denitri- 
fication. Shutt (13), by analyses of virgin and cultivated soils, has called 
attention to the exhaustion of soils by continuous cropping without manure 
and has shown by experiment that a soil successively cropped to clover con- 
tinues to increase in nitrogen under this treatment. 
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Moores, Hampton and Hunter (9) have shown that land in sod for a number 
of years, suffered a serious loss of nitrogen during five years’ cultivation with 
a double crop rotation of cowpeas and wheat. In this connection they say: 

The fact, therefore, that the soil content of nitrogen was not even maintained where a 
leguminous green crop equal to more than a ton per acre of thoroughly cured hay, on the 
average, not to mention the fallen leaves, stubble and roots, was turned under each year is 
almost startling and shows the necessity of a superior system of management if anything 
like high fertility of the soil is to be maintained without recourse to outside supplies of nitrogen, 
such as would be furnished by nitrogenous fertilizers and commercial feeding stuffs. 

In summing up their conclusions they say further: 

By taking the nitrogen removed by the crop into consideration, there was found to be, at 
the end of five years, (1) where the cowpea crop was turned under, a gain per acre on the un- 
limed sections of 67 pounds, to be accounted for in sources outside of the 8-inch depth of 
plowing, but on the limed sections none; (2) where the cowpea crop was removed, a gain per 
acre of 181 pounds on the unlimed and 177 pounds on the limed, to be accounted for as before. 

Swanson (18) states that the soils of Kansas show an average decrease in 
crop-producing power in spite of the fact that farmers use good seed and 
improved methods of tillage. Results based on the analysis of cultivated and 
uncultivated soils in seven representative counties, show that carbon and 
nitrogen have disappeared from the cultivated to a greater extent than from 
the uncultivated soils. In round numbers they have lost from cne-fifth to 
two-fifths of their nitrogen and from nearly one-fourth to one-half of the 
carbon. 

Somerville (16) in making a study of the effect of applications of phosphatic 
manures (notably basic slag) took portions of soil from treated and untreated 
plots that have been under observation in different sections of England for 
the past 20 to 30 years and with this soil conducted pot experiments using 
oats as the first crop. He reports notable increases in yield from the treated 
soil over the untreated soil. He says: 

While it would appear, that the accumulated fertility is partly due to phosphate residues, 
it is certainly due in most part to the secondary effects of the phosphates, of which the ac- 
cumulating of humus, including the accumulation of atmospheric nitrogen, is probably the 
most important. 

In a second article (17) he attributes the accumulated fertility largely to 
nitrogen stored up by leguminous plants, but believes the increase in nen- 
leguminous humus is not without influence. 

In an article on the chemical composition of virgin and cropped Indiana 
soils, Connor (3) says: 

In spite of the fact that the tendency of nature is to build up and replenish the fertility 
of the soil, there is no question but that the destructive system of cultivation that has been, 
followed by the farmers of this country has more than counter-balanced nature’s tendency 
to upbuild,' and as a consequence the soil has become more or less depleted. 



286 


A. W. BLAIR AND H. C. MCLEAN 


In this connection Connor reports analyses of a number of virgin and 
cropped soils, and these analyses, he believes, indicate certain changes in the 
chemical compositioli of the soil which sixty to eighty years of cropping have 
brought about. He finds: 

that although most of the soil ingredients have not changed enough to make any great differ- 
ence in the chemical composition of the virgin and cropped soils, there are some notable 
. exceptions. 

The most serious losses from the standpoint of soil fertility are those of nitrogen, which 
shows a loss of 28 per cent, and the organic matter which shows a loss in the volatile matter of 
26 per cent and in the humus of 47 per cent. These losses are without doubt the main reason 
why our cropped soils are no longer as fertile as they formerly were. 

If one may judge by the references cited there seems little room to doubt 
that under continued cropping soils are rather rapidly depleted of their 
nitrogen and organic matter, and that there may be an actual loss of nitrogen 
and carbon even when leguminous crops are turned under and manures applied. 
With uncultivated soils, on the other hand, the losses are not so great and in 
some instances there are pronounced gains. 

EXPERIMENTAL 

One of the objects of this experiment was to study the changes which occur 
in the vegetation on abandoned land and especially the effect of commercial 
fertilizers on the appearance or disappearance of certain species of plants on 
such land. The experiment also includes a study of the composition of the 
soil on the abandoned land as compared with the composition of soil from 
adjoining plots which are under a 5-year rotation of com, oats, wheat and 
two years of grass' (originally two years of oats), and the determination of the 
percentage of applied nitrogen that is recovered in the crop. The soil is a 
loam inclining to the gravelly phase, with a sandy loam subsoil. Previous 
to 1908 this land had been neglected for a number of years. The plots were 
laid out one-twentieth acre in size, one-half to be under cultivation and the 
other half to remain uncultivated. Beginning with the com crop of 1908 
the plots received a dressing of ground limestone at the rate of 1 ton per acre 
and beginning with the second five-year period in the spring of 1913 they 
received a further application of this material at the rate of 2 tons per acre. 
The uncultivated halves have received the same fertilizer and lime treatment 
as the cultivated halves. The plots are arranged in pairs with reference to 
the fertilizer treatment as indicated in the accompanying diagram. 

The nitrogen is supplied in Jhe form of ground fish at the rate’ of 600 pounds 
per acre, the phosphoric acid as arid phosphate at the rate of 600 pounds per 
acre and the potash as muriate of potash at the rate of 300 pounds per acre. 
These materials have been applied annually in accordance with the plan, 
except for the oat crop in 1911 when no fertilizers were applied. Also', through 
an error the nitrogen was emitted from Dlots 63 and 64 in 1914. 
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Each year a record is made of the kinds of weeds and grasses found on the 
uncultivated part of the plots, and the number of such plants recorded or the 
area which they cover measured. It is thus possible to say whether certain • 
species are disappearing and others taking their places under the different 
treatments. In the late summer the weeds and grass are cut down on these 
plots but nothing is removed. 

It is not the intention to give in this paper a detailed statement of the crop 
yields on the cultivated section nor to give a complete record of the vegetation 
on the uncultivated section (the latter is reserved for a later publication) 
but rather to compare the nitrogen and carbon content of the soils from the 
two sections, and, taking into consideration the nitrogen removed by the 
crops on the cultivated sections, determine whether the net result with ref- 
erence to this element has been loss or gain. No account has been taken of 
the carbon in the crop so that a comparison so far as this element is con- 
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aimed is with reference to the amount in the soil of the two sections, cultivated 
and uncultivated. 

Unfortunately no samples were collected from these plots when the work 
was begun. 

Table 1 gives the results of nitrogen and carbon determinations made on 
samples taken from the cultivated and uncultivated sections of plots 57 to 64 
in 1913 and also in 1916. In taking the samples 6 borings, to a depth of 6J 
inches, were made with a tube cutting a core about 2 inches in diameter, and 
these cores were made into one Sample, dried, passed through a 3-mm. sieve 
to remove coarse material and finally ground to pass a 0.5 mm. sieve. 

Nitrogen dete rmina tions were made by the Kjeldahl-Gunning method, five 
or six determinations being made on each sample. 

A study of this table brings out the fact that without exception both nitrogen 
and carbon are now higher in the uncultivated sections than in the cultivated. 
The average difference in nitrogen content between the two sections for the 
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nitrogen-treated plots, was 0.02 per cent in 1913, and 0.0234 per cent in 1916, 
the former being equivalent to 400 pounds of nitrogen per acre 6§ inches (2,000- 
000 pounds of soil) and the latter equivalent to 468 pounds. The average 
difference between the cultivated and uncultivated sections of plots 57 and 58, 
the plots that receive no nitrogen, was in 1913, 0.0123 per cent, which makes 
a difference in favor of the uncultivated section of 226 pounds of nitrogen per 
acre, whereas the difference in 1916 was 0.0258 per cent or 516 pounds per acre. 


TABLE 1 


Nitrogen and carbon in soil , 1913 and 1916 


TOTAL NITROGEN 


TOTAL CARBON 


1913 

1916 

1913 

1916 


Cultivated 

Unculti- 

vated 

Cultivated 

Unculti- 

vated 

Cultivated 

Unculti- 

vated 

Cu tivated 

Unculti- 

vated 


per cent 

per cent 

Per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

57 

0.0913 

0.1054 

0.0749 

0.1003 

1.028 

1.320 

1.003 

1.275 

58 

0.0787 

0.0891 

0.0715 

0.0977 

0.995 

1.130 

0.995 

1.269 

Average 

0.0850 

0.0973 

0.0732 

0.0990 

1.012 

1.225 

0.999 

1.272 

59 

0.0809 

0.0949 

0.0802 

0.0985 

1.047 

1.265 

1.048 

1.300 

60 

0.0913 

0.1034 

0.0824 

0.1063 

1.142 

1.279 

1,086 

1.311 

61 

0.0795 

0.1041 

0.0841 

0.0981 

0.972 

1.245 

0.960 

1.231 

62 

0.0874 

0.1106 

0.0773 

0.1134 

1.022 

1.459 ! 

0.999 

, 1.533 

63 

0.0806 

0.1053 

0.0802 

0 1067 

1.028 

1.281 ! 

1.017 

1.440 

(A 

0.0876 

0.1108 

0.0856 

0.1072 

1.042 

1.364 

1.106 

1.228 

Average 

0.0846 

0.1049 

0.0816 

0.1050 

1.042 

1.316 

1.036 

1.341 


This accords well with the view that liberal applications of the minerals 
favor the appearance of volunteer leguminous plants on abandoned land and 
also the fixation of atmospheric nitrogen by non-symbiotic bacteria, and no 
doubt accounts for the fact that on the uncultivated sections of these plots 
the nitrogen supply is fairly well maintained. On the other hand, the culti- 
vated sections are gradually being depleted of their supply of nitrogen, the 
volunteer leguminous plants not being permitted to come in to restore the 
losses. 

Taking an average of all the nitrogen-treated plots, the cultivated portions 
show slightly less nitrogen in 1916 than in 1913, in spite of the fact that they 
have received fair annual applications of nitrogenous fertilizers. For the 
uncultivated sections the average is essentially the same in 1916 as in 1913, that 
is, the gain during the three years has not been sufficient to make an appreci- 
able difference in the analyses. It is evident that the total carbon is being 
gradually decreased on the cultivated sections. This is shown by art average 
percentage of 1.042 in 1913 and 1.036 in 1916, It is further emphasized, 
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however, by the fact that determinations made on samples collected in 1909 
from nearby plots, where the soil is the same as the soil of the plots , under 
consideration, show 1.21 per cent of total carbon (6). From this it would 
appear that the cultivated plots have lost nearly 0.2 per cent of carbon during 
the period 1909 to 1916. On the other hand, the carbon is undoubtedly 


TABLE 2 

Yields of n itrogen in a five-year rotation, '1908 to 1916 inclusive 
(Calculated on the acre basis) 
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58.40 

22.48 

29.72 

29.01 

139.61 

339.65 

64 

74.36 

28.88 

53.44 

36.12 

9.84 

202.64 

54.64 

21.22 

35.42 

26.26 

137.54 

340.18 

Average 

201.34 





138.58 

339.92 

Average increase over check 

85.12 





58.67 

143.79 

General 













Average, . . 

72.27 

31 01 

51 .31 

31.47 

7.07 

193,14 

50.91 

25.41 

33.91 

24.90 

136.80 

> 329.94 

Average increase over check 

76.92 





56.89 

> 133.81 


* Very low yield of stalks for some reason. 


increasing in the uncultivated plots, as is shown by an average of 1.316 per 
cent in 1913 and an average of 1.341 per cent in 1916, and by the further fact, 
already mentioned, that the samples collected in 1909 from nearby plots show 
only 1.21 per cent of carbon. Thus it would appear that during the period 
1909 to 1916 the carbon content of the uncultivated soils has increased by 
about 0.13 per cent, which would be equivalent to slightly more than 1| tons 
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of carbon per acre 6§ inches. This is as one might expect, since each year 
there has been a fair growth of weeds and grasses on these plots and nothing 
has been removed. 

Table 2 shows the amount of nitrogen removed by the crops on the culti- 
vated portion of the plots for the years 1908 to 1916 inclusive, and the average 
amount for each crop on the eight plots. It will be observed that the com 
crop of 1908 yielded the larges^ amount of nitrogen. This is followed by the 
com crop of 1913 and the wheat crop of 1910, both of which furnished approxi- 
mately 20 pounds less of nitrogen than the com crop of 1908. The lowest 
yield was with the timothy of 1912. This is accounted for in part at least 
by the small crop of that year. With only two exceptions there was less 
nitrogen recovered from plots 57 and 58 — the two that receive no nitrogen— 
than from those that receive an annual application of nitrogen. ( The average 
yield from plots 57 and 58 may be taken as the check, and if this is deducted 
from the average yields from the plots that receive nitrogenous fertilizers, 
the remainder may be taken as the amount of the applied nitrogen that was 
recovered in the crop. The nitrogen-treated plots have received the dried 
fish at the rate of 600 pounds per acre, but on account of the omission in 
,1911 the total for the five years was 2400 pounds instead of 3000 pounds. 
This, on the basis of 8 per cent nitrogen for the fish, would mean a total of 
192 pounds of nitrogen per acre f of the first five years and also 192 founds for 
the last four years, excepting plots 63 and 64 which, on account of the omis- 
sion in 1914, received only 144 pounds, thus making the average for the four 
years 176 pounds instead of 192 pounds. This gives a total for the nine years 
of 368 pounds. 

These figures d hided into the increase over the check for the respective 
periods, with the proper pointing off, give the percentages of nitrogen recovered 
in the crop. 

The results calculated for the different treatments are as follows: 


PLOTS 

FIRST PERIOD, FTVE YEARS 

SECOND PERIOD, FOUR YEARS 

59.60 

39.18 

31.18 

61.62 

36.67 

27.15 

63.64 

44.33 

40.74 

Average 

40.06 

33.02 , 

* 


* 


Stated in another way the average increase over the check is, for the nine 
years, 133.81 pounds of nitrogen per acre (bottom figure in last col umn, of 
table 2) and the total amount of nitrogen applied per acre during that time 
was 368 pounds. From these figures it is found that there was an average 
annual recovery for the nine years of 36,36 per cent of the applied nitrogen; 
that is, a recovery of only a little more than one-third. The highest" average 
recovery for 9 years is from plots 63 and 64 which receive the complete fer- 
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tilizer, and the next highest from lots 59 and 60 which receive nitrogen and 
potash. , 

The average recovery for the first period is a little higher than for the 
second period. These figures correspond quite closely with recoveries ob- 
tained from dried blood in cylinder experiments previously reported (7) 
and also for the most part with recoveries from fish scrap used in field experi- 
ments (6) where the rotation was the same as the one here considered. Slightly 
higher recoveries were obtained where fish was used as a source of nitrogen 
in pot experiments (8). The average total recovery from plots 59 to 64 
for the nine years is 329.94 pounds (acre basis) while the total amount applied 
to each plot during the same period was 368 pounds if 8 per cent is taken as 
the analysis of the fish. During this period the crops on plots 57 and 58, 
without commercial nitrogen, were able to take from the soil an average of 
nearly 200 pounds of nitrogen per acre. 

From the results it seems quite clear that nitrogen is the limiting factor in 
crop production on this soil, otherwise plot 60, where no potash has been 
applied, and plot 61, where no phosphoric acid has been applied, would hardly 
have given, yields of nitrogen in excess of plots 63 and 64 where all three con- 
stituents were used. It is true that the averages for 59 and 60 and for 61 and 
62 are not quite as high as the average for 63 and 64, but the difference is so' 
small tha^ one could hardly say that the yield was limited by a lack of potash 
In the one case or of phosphoric acid in the other. 

That nearly two-thirds of the applied nitrogen should be unaccounted for 
is discouraging and does not plead very strongly for the use of commercial 
nitrogenous materials of an organic nature, if those cf mineral origin are 
available. 


SUMMARY 

It is here pointed out that the average nitrogen content of land which wa3 
allowed to run wild from 1908 to 1916, and which during that period received 
annual applications of dried fish amounting to 600 pounds per acre, was es- 
sentially the same in 1916 as in 1913. (No samples were collected previous 
to 1913.) 

The carbon content of this same land was increased slightly during the 
period 1913 to 1916. 

The average nitrogen content of adjoining cultivated plots, under a 5-year 
rotation, was 0.02 per cent less in 1913, and 0.023 per cent less in i916, than 
the nitrogen content of the corresponding plots that were allowed to run wild. 

The average nitrogen content of the cultivated plots was slightly less in 
1916 than in 1913. 

The average carbon content of the cultivated plots was approximately 0.27 
per cent less in 1913 and 0.30 per cent less in 1916 than the average carbon 
content of the corresponding plots allowed to run wild. 
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The average carbon content of the cultivated soils was slightly less in 1916 
than 1913. 

The two cultivated plots which received no nitrogen (the check plots) 
yielded, in the crops from these plots, an average total of 196.13 pounds of 
nitrogen for the nine years. 

The six nitrogen-treated plots yielded, during the same period, an average 
total of 329.94 pounds of nitrogen in the crops from these plots. 

There was recovered from the six nitrogen-treated plots for the nine-year 
period, an average of 36.36 per cent of the nitrogen that was applied. 

The percentage of nitrogen and carbon in the cultivated soils is decreasing, 
even where dried fish is applied at the rate of 600 pounds per acre annually. 

The percentage of nitrogen in the soils allowed to run wild, and which have 
received annual, applications of nitrogen, appears to run about constant, but 
the percentage of carbon is increasing slightly. 

Much volunteer white clover is appearing on the two plots which receive 
minerals but no nitrogen. 
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INTRODUCTION 

Robinson (10) has recently reported a critical comparison of three methods 
for the determination of soil phosphorus, namely: fusion with alkali carbonates, 
the Washington method, in which the soil is evaporated to dryness with 
hydrofluoric acid previous to ignition, and the Fischer method, which is char- 
acterized by an ignition between two evaporations with aqua regia. He 
concluded that all three of these give accurate results, provided that the first 
two be modified so as to get rid of the organic matter without an accompany- 
ing loss of phosphorus. He implies that the failure to recover the full amount 
of phosphorus from soils by the Washington method is due to the volatiliza- 
tion of a part of it during ignition, which he states may be avoided by pre- 
viously evaporating the samples with nitric arid, in order to dissolve “enough 
bases to hold the phosphoric arid during the ignition,” and then carrying out! 
the latter operation “in such a manner that there is no glowing ” Using a 
soil containing 0.04 per cent of phosphoric acid and 0.29 per cent of organic 
matter he added a known amount of phosphoric acid and 0.5 gm. of sugar, 
hastily ignited the mixture to glowing and found “an apparent loss of from 
30 to 11 per cent of the phosphorus present.” 

In the fusion method, preceded, in the case of soils high in organic matter, 
by evaporation with magnesium nitrate solution or with nitric arid and sub- 
sequent ignition, he mentions (10, p. 149) that there is “one inherent error 
as previously pointed out, i.e., the solubility of small amounts of ammonium 
phosphomolybdate in aqueous solutions of sodium nitrate” and that this 
difficulty can be overcome by precipitating the sesquioxides, which carry 
down with them the phosphoric acid, redissolving these, and again precip- 
itating the phosphorus as ammonium phosphomolybdate. 

The work of the author reported in this paper does not confirm the state- 
ment of Robinson (10, p. 148, foot-note 5) regarding the liability of serious 
loss of ammonium phosphomolybdate in the course of the ordinary deter- 

1 Published with the approval of the Director as Paper No. 73, of the Journal Series of 
the Minnesota Agricultural Experiment Station. 
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mination by fusion with alkali carbonate. Cain and Hostetter 2 (2, p. 251) 
in reporting the solubility of the yellow ammonium phosphomolybdate in 
the presence of vanadium salts did not include sodium 'nitrate in the list of 
reagents tested. They found ammonium phosphomolydbate, even in the 
presence of vanadium salts, to be far less soluble in solutions of nitrates than 
in neutral ammonium molybdate. Gortner and Shaw (4) have shown that 
vanadium, in the amounts ordinarily present in the soil, does not interfere 
with the determination of the soil phosphorus. 

In the Fischer (3) method the author finds there is liable to be a large 
amount of phosphoric acid left in the insoluble residue, thus making the 
method appear as . unsuitable for the determination of total phosphoric acid 
as the methods by extraction with strong nitric or hydrochloric acid. 

Applying the ordinary Washington (11, p. 162) method to soils the author 
finds that it is liable to give results much too low, but that this is not due 
to volatilization of phosphoric acid during ignition and is not lessened by 
previous evaporation with either magnesium nitrate solution or nitric acid, 
while the elimination of the organic matter by ignition without glowing, as 
proposed by Robinson (10, p. 149) is not feasible, especially in the case of 
soils hi^h in organic matter. 

EXPERIMENTAL 

Soils used 

Four samples, two of mineral soil and two of peat (table 1), were used in 
this study. Both of the first two, A, a Carrington silt loam and B, a Fargo 
silt loam, from Rice County, Minnesota, were rich in organic matter, while 
A contained a much larger proportion of coarse particles and accordingly 
was apt to carry a larger proportion of its phosphoric acid as apatite inclu- 
sions in quartz grains. Of the two peat soils, C was low in lime, while the 
other, D, carried a moderate amount. Both contained about 90 per cent of 
organic matter. 

All the samples were ground in an agate mortar so as to pass a silk bolting 
cloth of 0.25 mm. mesh. Blank determinations on the reagents, made par- 
allel with those on the soils, were exposed to exacctly the same chances of 
contamination from outside sources as the latter. In all cases the amounts 
found in the blanks have been deducted from the percentages reported. 


2 Robinson suggests that the reason Fischer found slightly higher quantities of phosphoric 
acid by his method than by the fusion method is “probably due to the difficulty of precip- 
itating small amounts of ammonium phosphomolybdate in the presence of much NaNOj 
in the fusion method, since Cain and Hostetter (Jour. Soc. Chem. Indus., 4 (1912), 250) have 
shown that aqueous solutions of NaNOg have a strong solvent effect on the phosphomolyb- 
date when vanadium is present.” The reference proved to be other than the one cited, 
doubtless Jour. Indus. Engin. Chem., 4 (1912), 250, but, in this article, Cain and Hostetter 
do not report data to corroborate the above statement. 
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TABLE l 


Composition of soils used 


VOLATILE MATTER 

NON-VOLATILE 

MATTER 

CaO 

NITROGEN 

ORGANIC CARBON 

per cent 

per cent 

per cent 

per cent 

per cent 

12.11 

87.89 


0.384 

5.38 

21.10 

78.90 


0.836 

9.95 

90.59 

9.41 

0,63 

2.00 

48.95 

89.06 

10.94 

1.86 

2.47 

48.47 



Fusion method 

Soils A and B were analyzed by fusion with sodium carbonate, after igni- 
tion alone as well as after previous evaporation with magnesium nitrate. 
In the case of the former treatment the phosphoric acid was determined both 


TABLE 2 


Phosphoric acid as found by the different modifications of the fusion method 


SOU 


DETERMINATION 


IN NITRIC ACID 
EXTRACT 


IN FILTRATE FROM 
YELLOW PRECIPITATE 


IN SEPARATED 
SILICA 


TOTAL AMOUNT 

recovered 

ft 


i. Fusion without evaporation with magnesium nitrate: Sesquioxides not precipitated 




per cent 

per cent 

per cent 

per cent 

r 

1 

0.236 

0 

0.013 

0.249 

A 

2 

0.236 

0 

0.006 

0.242 

1 

Average 

0.236 

0 

0.009 

0.245 

f 

1 

0.319 

0 

0.019 

0.338 

B 1 

2 

0.325 

0 

0.006 

0.331 

1 

Average 

0.322 

0 

0.012 

0.334 

2. 

Fusion without evaporation with magnesium nitrate: Sesquioxides precipitated 

r 

i 

0.242 

0 

0.000 

0.242 

A I 

2 

0.248 

0 

0.000 

0.248 

1 

Average 

0.245 

0 

0.000 

0.245 

f 

1 

0.325 

0 

0.012 

0.337 

B | 

2 

0.331 

0 

0.006 

0.337 

1 

Average 

0.328 

0 

0.009- 

0.337 

3 . 

Fusion after evap 

oration with magnesium nitrate: Sesquioxides not precipitated 


1 

0.229 

0 

0.013 

0.242 

A.. | 

2 

0.236 

0 

0.006 

0.242 


Average 

0.233 

0 

0.009 

0.242 


r t 

0.331 

0 

0.006 

0.337 

B... | 

I 2 

0.338 

0 

0.000 

0.338 


[ Average 

0.334 

0 

0.003 

0.337 
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with and without the precipitation of the sesquioxides. In the case of each 
analysis the separated silica was evaporated with hydrofluoric acid and the 
phosphoric acid so obtained determined separately. In all the analyses the 
filtrate from the yellow precipitate was rendered alkaline with ammonia, 
the precipitate filtered off, redissolved and the phosphorus determined in this. 
The data are reported in table 2. The evaporation with magnesium nitrate 
was accomplished by dissolving 1 gm. of the salt in a few cubic centimeters 
of water and pouring this over the soil, after which it was evaporated tp dry- 
ness and carefully ignited. 

It is to be seen that only a very small amount of phosphoric acid was found 
in the separated silica and no advantage was gained from treatment with 
magnesium nitrate previous to ignition, or by precipitation of the sesqui- 
oxides to eliminate the excess of sodium salts. 

Fischer method 

This, which is a modification of the methods by acid extraction and designed 
to recover practically the whole of the phosphoric acid in soils, is charac- 
terized by two treatments with aqua regia. It is briefly as follows: 

0 

Five to ten gm. of dry soil and 50 cc. of aqua regia are digested on the steam bath in a 
covered silica dish until effervescence, if any, ceases, after which the watch glass is removed 
and the contents are evaporated to dryness and ignited until the residue turns brown. The 
contents are again evaporated to dryness with 50 cc. of aqua regia and the residue treated 
wrth concentrated nitric acid and evaporated to dryness to the disappearance of the hydro- 
chloric acid. The residue is finally taken up with dilute nitric acid, filtered and the phos- 
phorus determined in the filtrate. 

To test the completeness of extraction by his method, Fischer (3, p, 546) 
used 4 soils varying in phosphoric acid from 0.14 to 0.47 per cent and found 
in the residues, which were fused with sodium carbonate, only from 0.004 
to 0.009 per cent, a negligible quantity. He makes no mention of heating 
the residue after evaporation with nitric acid in order to dehydrate the silica. 
Without such a heating filtration is very difficult. The author, in testing 
this method, has, like Robinson (10, p. 148), heated the mass until it was 
brown and then extracted it with nitric acid. It is much better to heat the 
dish by carefully turning it in an open flame than by using a hot plate or sand 
bath, thereby avoiding the formation of compounds of iron and aluminum 
insoluble in nitric acid. 

Soils A and B were analyzed by this method, thie residue being fused with 
sodium carbonate. In the case of B thfe amount of phosphoric acid remain- 
ing in the’ residue in four determinations fell within the limits found by 
Fischer and in three others it varied from 0.013 to 0.019 per cent, while in 
each of six determinations with A the amount in the residue lay between the 
limits of 0,019 and 0.051 per cent, or from 8 to 20 per cent of the totahamount 
present, the latter being far from a negligible quantity. 
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Suspecting that the large amount of phosphoric add in the residues might 
be due to an over-heating after the final evaporation with nitric acid, the 
product thus obtained was heated in an air bath at 150°C. for 2 hours, and also 
at 110T. for 1 hour. The data (table 3, parts 1 and 2) show that nothing 

TABLE 3 


Phosphoric acid as found by Fischer’s method 


son 

determination 

IN NITRIC AC© 
EXTRACT 

IN FILTRATE FROM 
YELLOW PRE- 
CIPITATE 

IN RESIDUE 

total amount 
recovered 


l. Dish heated over open flame 




per cent 

per cent 

per cent 

per cent 


1 

0.211 

0 

0.025 

0.236 


2 

0.217 

0 

0.019 

0.236 


3 

0.223 

0 

0.025 

0.248 

A 

3 

0.185 

0 

0.051 

0.236 


5 

0.217 

0 

0.025 

0.242 


6 

0.213 

0 

0.038 

0.251 


Average 

0.211 

0 

0.038 

0.241 


1 1 

0.325 

0 

0.000 

0^25 


2 

0.331 

0 

0.000 

0.331 


3 

0.331 1 

0 

0.000 

0.331 

B < 

4 

0.319 

0 

0.000 

0.325 


5 

| 0.319 

0 

0.013 

0.332 


6 

0.319 

0 

0.019 i 

0.338 * 


7 

0.306 

f 0 

0.019 ! 

0.325 


Average 

0.321 

0 

0.008 

0.329 

2. 

Dish dried in oven for 2 hours at 150°C. 



1 

0.204 

0 

0,045 

0.249 

A 

2' 

0.217 

0 

0.019 

0.236 


Average 

0.2U 

0 

0.032 

0.243 


1 

0.312 

0 

0.019 

0.331 

B 

2 

0.306 

0 

0.032 

0.338 


Average 

0.309 

0 

0.025 

0.334 


3. Dish dried in oven for 1 hour at 110%. 


1 

0.217 

0 

0.032 

0.249 

1 

0.306 

0 

0.026 

0.332 


is gained by heating at a lower temperature, while this has the disadvantage 
of consuming more time. From the above it appears that while with some 
soils the method may give, at least under certain conditions, satisfactory 
results, with others it is likely to give results much too low. 
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Washington method 

The soils A and B were analyzed by this method (11, p. 162), modified to the 
extent that after the second evaporation with nitric acid the residue, instead 
of being heated until it became brown, was ignited at a dull red heat. This 
was necessary in order to get rid of the organic matter. The method when 
applied to rocks, for which it was designed, does not need any such modifi- 
cation. The residue from the extraction with hydrofluoric and nitric acids 
w T as fused, as Hillebrand (7, p, 144) suggests, with sodium carbonate, the melt 

TABLE 4 


Phosphoric acid as found by Washington's method 


DETERMINATION 

IN NITRIC ACID 
EXTRACT 

IN FaTRATE FROM 
YELLOW PRE- 
CIPITATE 

IN RESIDUE 

TOTAL AMOUNT 
RECOVERED 

Soil A 


per ceni 

Per ceni 

per ceni 

per ceni 

1 

0.197 

0 

0.061 

0.258 

2 

0.191 

0 

0.061 

0.252 

3 

0.191 

0 

0.064 

0.255 

4 

0.197 

0 

0.051 

0.246 

5 

0.178 

0 

0.064 

0.242 

6 

0.191 

0 

0.064 

0.255 

7 

0.18S 

0 

0.057 

0.242 

8 

0.191 

0 

0.045 

0,236 

* 9 

0.191 

; 0 

0.057 

0,248 

Average 

0.190 

! 0 

0.058 

0.248 

Soil B 

1 

0.286 

0 

0.045 

0.331 

2 

0.331 

0 

0 000 

0.331 

3 

0.306 

0 

0.032 

.0.338 

4 

0.306 

0 

0.025 

0.335 

5 

0.306 

0 

0.045 

0.351 

6 

0.£>3 

0 

0.038 

0.331 

Average 

0.303 

0 

0.031 

0.336 


dissolved and the resulting solution evaporated to dryness twice with nitric 
add, the residue taken up with nitric acid and the phosphorus determined 
in the solution. 

The data in table 4 shows that an appreciable amount of phosphoric acid 
remained in the residue in 14 out of 15 determinations, varying with A from 
2 to 25 per cent of the total amount and with B amounting to about 10 
percent. * 1 

The amount from the hydrofluoric acid extract and the residue is, within 
the limits of experimental error, equal to that found by theiusion (table 2) 
and modified Fischer methods (table 3). Accordingly, the low percentages 
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of phosphorus thfet have been found by this method are to be attributed not 
to volatilization during ignition but to the incompleteness of the extraction 
by nitric acid. 

Both soils were also analyzed by Robinson’s modification of the Washing- 
ton method, in which the soil is evaporated with nitric acid previous to igni- 
tion, and any glowing in the latter operation is avoided. From 50 to 65 per 
cent was thus recovered (column 4 in table 5). 

The residues were fused with sodium carbonate and otherwise treated as 
described in the preceding paragraph and about 20 per cent of the total phos- 
phoric acid in the case of sample A and from 17 to 38 per cent in that of B 
was obtained (column 6, table 5), leaving still a deficit of 12 to 20 per cent 
of the total Since the filtrate from the ammonium phosphomolybdatc was 
strongly colored by organic matter left behind by the low temperature of 
ignition, it was thought this might still contain phosphorus. This was di- 
gested with aqua regia on the sand bath until the organic matter was en- 

TABLE 5 


Phosphoric acid as found by Robinson's modification of Washington's method 


son. 


IN NITRIC ACID EXTRACT 

IN FILTRATE j 
FROM YELLOW 
PRECIPITATE 

IN RESIDUE ' 

1 

TOTAL AMOUNT 
RECOVERED 


_ First 
ignition 

Second 

ignition 



per cent 

per cent 

per cent 

per cent 

per ce nt 

( 

1 

0.185 

0.147 

0.051 

0.057 ; 

0.255 ' 

A... 

2 

0.172 

0.147 

o.o5i : 

0.051 

0.249 


Average. . . , 

0.178 

0.147 

0.051 : 

0 054 

0.252 

f 

1 

0.185 

0.159 

0.045 

0.127 

0.331 

B - ■ ■ j 

2 

0.299 

! 0.217 

0.057 

0.057 i 

0.331 


Average 

0.242 

0.188 

0.051 ' 

0.092 

0.331 


tirely destroyed, after which it was made alkaline with ammonia, the sesqui- 
oxides filtered off, dissolved in nitric acid and the phosphorus reprecipitated 
with ammonium molybdate and determined as usiral. The additional quan- 
tity thus removed accounts for the total amount (column 5, table 5), The 
filtrate from the yellow precipitate was tested for phosphorus for every 
method tried and the present instance was the only one in which any was 
found. 

Both the extract of the ignition product with nitric acid and the filtrate 
from the first precipitation of ammonium phosphomolybdate were colored, 
more strongly so with B than with A, while the filtrate from the second pre- 
cipitation of ammonium phosphomolybdate, that obtained by dissolving the 
precipitated sesquioxides, was colorless. The first of the two yellow precipi- 
tates was dark-colored and this when dissolved in ammonia previous to the 
addition of magnesium mixture yielded a solution which was dark-colored, 
resembling the ammonia extract from a soil low in humus (matiere noire of 
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Grandeau). The magnesium ammonium phosphate precipitated from this 
solution was gray as though containing some of the so-called magnesium 
humate. To decide whether magnesium other than that in the magnesium 
ammonium phosphate was contained in this precipitate the latter, after being 
filtered, washed, dried, ignited and weighed, was dissolved in nitricacid and 
reprecipitated with magnesium mixture. The phosphoric acid calculated 
from the weight of the resulting magnesium pyrophosphate was much less 
than that first obtained (columns 3 and 4, table 5) . 

The phosphoric acid was also determined on the samples A and B by this 
modification of the Washington method with the exception that after the 
first extraction with nitric acid they were ignited at a higher temperature, a 
wry dull red , and then treated as Robinson directs, and as described above. 
The data are reported in table 6. 


TABLE 6 

Phosphoric acid as found by Robinson’s modification of W ashington’s method; Samples 
ignited to a very dull red 


SOU 


IN NITRIC ACID EXTRACT 

IN PHTRATE 
PROM YELLOW 
PRECIPITATE 

IN RESIDUE 

TOTAL AMOUNT 
RECOVERED 


After first 
ignition 

After second 
ignition 


1 

per cen* 

per rent 

per uni 

per cent 

per cent 


1 

0.229 

0.185 

0 

0.064 

0.249 

A.. • 

2 

0.212 

0.172 

0 

0.064 

0.236 


Average 

0.220 

0.179 

0 

0.064 

0.243 

f 

1 

0.299 

0.261 

0 

0.083 

0.344 

B... | 

2 

0.299 

0.274 

0 



l 

Average 

0.299 

0.267 

0 




In no case was the organic matter entirely oxidized by heating to this 
temperature, although its elimination was undoubtedly more complete in the 
portions of the sample which were in contact with the dish. In such parts 
the heat may have been sufficient not only to oxidize the organic matter, but 
also to produce undesirable changes, while in adjacent parts the oxidation 
would still be incomplete. The solutions obtained by extracting the ignition 
product with nitric acid were all colored, although those from A were only 
slightly so. The filtrates from the ammonium phosphomolybdate were 
slightly colored but contained no phosphorit acid. 

The data in tables 5 and 6 indicate that with soils high in organic matter 
the magnesium pyrophosphate obtained by Robinson’s modification of Wash- 
ington’s method contains a considerable amount of magnesium oxide. Fur- 
thermore, a large part of the phosphoric acid may not be precipitated by the 
ammonium molybdate, probably due to its presence in organic compounds 
which in turn are due to incomplete oxidation at the low temperature of igni- 
tion necessary to avoid all glowing. Further, Robinson’s modification of 
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this method does not appear in any way to affect the amount of phosphorus 
in the residue from the hydrofluoric acid extraction. It is of interest to note 
that in the case where the samples were ignited to a very dull red the errors 
of the method are nearly compensating (columns 3 and 7, table 4). It would 
also apj)ear that Robinson’s modification is far less reliable for soils than Wash- 
ington’s original method modified simply to the extent of igniting the soil 
to dull redness after the third evaporation with nitric acid. 

As it may be suspected that the ignition at a temperature below glowing 
was faulty, a brief description of this operation as practised by the author 


TABLE 7 

Phosphoric acid in peat soils as found, after ignition both with and without previous evaporation 
with magnesium nitrate solution 


son 

DETERMINATION 

IN NITRIC ACID 
EXTRACT 

IN PILT8ATE FROM 
YELLOW PRECIPITATE 

IN RESIDUE 

TOTAL AMOUNT 
RECOVERED 

1. Without previous treatment 



per cent 

per cent 

[ per cent 

per cent 

f 

1 

0.242 

0 

0.013 

0.255 

C...J 

2 

0.242 

0 

0.013 

0.255 

l 

Average 

0.242 

0 

0.013 

0.255 

- f 

1 

0.289 

0 

0.006 

0.295 

D 

2 

0.283 

0 

0.013 

0.296 

1 

Average 

0.286 

0 

0.009 1 

0.295 


2 . 

Evaporated with magnesium nitrate solution 


f 

1 

0.242 

i 0 

0.013 

0.255 

c 

2 

0.229 

0 

0.013 

0.242 

1 

Average 

0.235 

0 

0.013 

0.248 

r 

1 

0.293 

0 

0.006 ' 

0.299 

„■ J 

2 

0.280 

0 

0.019 

0.299 

1 

3 

0.280 

0 

0.000 

0.299 


Average 

0.291 | 

0 

0.008 

0.299 


appears desirable. The ignition was carried out in a somewhat darkened 
part of the room and, as a further precaution, the dish was shaded with a 
large piece of cardboard. Held by means of a pair of platinum-tipped tongs 
the dish was 1 turned round above a Bunsen flame burning at approximately 
half its capacity so that every part was exposed to the heat As soon as any 
portion showed the faintest indication of reddening the dish was turned so as 
to allow the heat to strike a cooler part. 

From the above there appears no good reason to attribute any incomplete 
recovery of phosphorus to loss by volatilization during ignition. Additional 
evidence is presented in table 7 showing the amount of phosphoric acid in 
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two peat soils recovered both by the ordinary" ignition to redness without 
any previous treatment and by a similar ignition after evaporation with mag- 
nesium nitrate solution. As both samples carried 90 per cent of organic 
matter any loss of phosphorus due to lack of bases should have been expected 
in C which carried so little lime that unless previously treated with ground 
limestone or some other form of agricultural lime it has regularly proved 
sterile to all ordinary crops, except redtop (Agrostis alba). In C as well as 
in D no increase in the amount of phosphoric acid recovered results from the 
treatment with magnesidm nitrate. 

As further evidence of this same fact sample A was mixed with 0.5 gm. of 
sugar and ignited, not hastily but carefully, as in the ordinary determination, 
and the phosphoric acid determined by the proposed modification (see below) 
of Washington’s method. The data are shown in table 8. There appears 
no justification for a hasty ignition especially when there is so great an 
opportunity for mechanical loss along with the escape of the water of 


TABLE 8 

Phosphoric acid as found in Sample A after ignition with sugar 


son. 

DETERMINATION 

IN NITRIC ACID 1 

extract 

IN FILTRATE FROM 
YELLOW PRECIPITATE 

IN RESIDUE 

TOTAL AMOUNT 



per ceni 

per cent 

per cent 

per cttti 

f 

1 

0.248 

0 

0.006 

0.254 

A 

2 

0.248 

0 

0.006 

0.254 


Average 

0.248 

0 

0.006 

0.254 


decomposition from the sugar. In case a solution containing phosphorus 
had been added, the chance for loss in this manner would have been still 
greater. 

Author’s modification of Washington method 

The author has found that Washington’s method may be modified slightly 
so as to provide for the elimination of the organic matter of soils and the 
complete extraction of the phosphorus by means of hydrofluoric acid and 
nitric acid without making it less satisfactory for soils than it has proven 
for rocks. The only place where it would not be suitable would be where 
platinum ware is not available. 

The dried soil is, as in the methods of Grandeau (5, p. 267) and Hilgard 
(6, p. 20), ignited to dull redness, preferably in a muffle, and then treated 
according to Washington’s directions up to the last evaporation with nitric 
acid. Then the residue in the platinum dish is heated in an air bath at 1 10° C. 
for 1 or 2 hours in order to dehydrate the silica, the greater length of time 
being preferable since a more complete dehydration is obtained and filtration 
is rendered easier. It may even be satisfactorily heated over a naked flame 
of the Bunsen burner, but this is not to be recommended, as there is a much 



DETERMINATION OF SOIL PHOSPHORUS 


305 


greater danger of overheating than by drying the sample in an oven. Fil- 
tration after dehydration of the silica by the latter method, however, is con- 
siderably slower than after dehydration above the direct flame . Using twelve 
samples dried in an air bath for 2 hours at 110°C. the time for filtration and 
washing was determined and found to be 2 hours. 


TABLE 9 


Phosphoric acid as found by the author’s modification of Washington's method 


SOIL 

DETERMINATION 

IN NITRIC ACID 
EXTRACT 

TN FILTRATE FROM 
YELLOW PRECIPITATE 

IN RESIDUE 

TOTAL AMOUNT 
RECOVERED 

1. Heated in an air bath 1 hour al iUP C. 



Per cent 

per cent 

per cent 

per cent 

f 

1 

0.242 

0 

0 

0.242 

A 

2 

0.248 

0 

0 

0.248 

1 

Average 

0.245 

0 

0 

0.245 

f 

1 

0.331 

0 

0 

0.331 

B 

2 

0.331 

0 

0 

0.331 


Average 

0.331 

0 

0 

0.331 


2. Heated 1 to 2 hours in an air bath at 150°C. 


f 

1 

0.204 

0 

0.045 

0.249 

A 

2 

0.217 

0 

0.019 

0.236 

1 

Average 

0.211 

0 

0.032 

0.243 

( 

1 

0.312 

0 

0.019 

0.331 

B 

2 

0.306 

0 ! 

0.032 

0.338 

1 

Average 

0.309 

0 1 

0.025 

0.334 


3. Heated above an open flame 


f 

1 

0.255 

0 

0.000 

0.255 

A..... 

2 

0.217 

0 

0.025 

0.242 

1 

Average 

0.236 

0 

0.012 

0.248 

e 

1 

0.338 

0 

0.000 

0.338 

B j 

2 

0.344 

0 

0.000 

0.344 

l 

Average 

0.341 

0 

0.000 

0.341 ' 


The formation of red oxide insoluble in nitric acid is evidence of overheat- 
ing. In case such a red oxide is formed a few cubic centimeters of nitric acid 
and hydrofluoric acid are added to* the platinum dish containing the sample, 
the contents evaporated to dryness and the evapo ration repeated twice with 
nitric acid to decompose the fluorides, after which it is treated as a new 
sample. 

The method as finally developed is briefly as follows: 
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One gram of dry soil is weighed out in a platinum dish of appropriate size and ignited in 
the muffle to a dull red, being maintained at this temperature a sufficient length of time 
to insure a complete oxidation of the organic matter. After cooling, 10 cc. of distilleS water, 
10 cc. of nitric acid and 5 cc. of hydrofluoric acid are added, the mixture well stirred, and the 
contents of the dish evaporated on the steam bath until approximately 5 cc. remain, when an 
additional 5 cc. of hydrofluoric acid are added, the mixture again well stirred, and the evap- 
oration continued to complete dryness. Evaporation with small quantities of nitric acid is 
to be repeated two or three times. After the final evaporation the residue is dried in the 
air bath for 1 or 2 hours at 110°C. in order, as Washington (11, p. 163) states, “to render 
insoluble any silica which might otherwise come down with the phosphorus.” When cool 
the residue is taken up with 3 cc. of concentrated nitric acid and 7 cc. of distilled water, 
boiled gently for a few minutes, and after cooling somewhat , is filtered and washed ; the phos- 
phorus in the filtrate is precipitated with ammonium molybdate, 3 and finally weighed as 
magnesium pyrophosphate. With soils poor in phosphorus a larger sample of soil should 
be taken and the amounts of the rea^nts proportionally increased. 

The cause of the phosphoric add remaining in the residue when this (after 
evaporation of the nitric acid) has been heated too strongly appears to be 
due to a reaction with iron and aluminum salts to form difficultly-soluble 
phosphates. Grandeau (5, p. 268) called attention to the fact that if the 
residue left after evaporation with nitric acid is heated to glowing, the oxides 
of iron and aluminum combine with small amounts of phosphoric acid and 
are only sparingly soluble in nitric acid. ' The author, using solutions con- 
taining known amounts of iron as ferrous ammonium sulfate, aluminum as 
aluminum sulfate and phosphoric acid as sodium phosphate, added hydro- 
fluoric and nitric acids and continued the analysis according to Washington’s 
method, including an ignition at dull redness previous to final treatment 
with nitric acid. This was done both with the solution alone in different 
amounts and with it added to soils A and B. As will be seen from table 10 
the phosphoric acid was not completely recovered, but the deficit was fully 
accounted for by the amount obtained in the residue by fusion with sodium 
carbonate. The amount in the residue constituted in all cases a large part 
of the whole. There was no definite increase in this proportion due to the 
use of a larger amount of the solution of iron and aluminum. 

Using the same soils and solutions, the determinations were made also 
by the author’s modification of the Washington method, the results being 
given in the second part of the same table. All the phosphoric acid was 
recovered in the nitric acid extract, the residue retaining either no phosphoric 
acid or at most practically a negligible quantity. 

Eilgard's method 

The Hilgard method (6) for the determination of the acid-soluble phos- 
phoric acid, which consists of the ignition of the soil and then digestion with 
concentrated nitric acid on the water bath for 2 days, gives as complete an 

3 An acid solution of ammonium molybdate was used throughout this study. 
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TABLE 10 


Phosphoric acid as found after the addition of known amounts of iron , alum num, and 
phosphorus 


SOIL 

DETERMINATION 

CONTENT OP SOLUTION ADDED, 
EXPRESSED AS PER CENT OF SOIL 

PHOSPHORIC ACID 

, TOTAL 

1 AMOUNT 
RECOVERED 

FeiOj 

AliOj * 

P 2 O 5 

In soil 

In nitric 
acid 

lit residue 



1. 

By Washington’s method 









per cent 

per cttU 

per cent ' 

per cent 


Solution 1 

2.‘0 

5.0 

1.020 


0.944 

0.057 

1.001 


2 

2.0 

5.0 

1.020 


0.914 

0.096 

1.010 


Average 

2.0 

5.0 

1.020 


0.929 

0.077 

1.006 

r 

1 

2.0 

5.0 

1.020 


1.178 

0.070 

1.248 

A.... 

2 

2.0 

5.0 

1.020 


1.167 

0.108 

1.275 

' 1 

Average 

2.0 

5.0 

1.020 

0.245 

1.173 

0.089 

1.262 

r 

1 

2.0 

5.0 

1.020 


1.275 

0.070 

1.345 

B.. .. 

2 

2.0 

5.0 

1.020 


1.282 

0.057 

1.339 

1 

Average 

2.0 

5.0 

1.020 

0.334 

1.278 

0.064 

1.342 


Solution 1 

5.0 

10.0 

1.020 


0.860 

0.153 

1.013 


1 

5.0 

10.0 

1.020 


1.170 

0.089 

1.259 

A,... • 

2 

5.0 

10.0 

1,020 


1.190 

0.096 

1.286 


Average 

5.0 

10.0 

1.020 

0.245 

1.180 

0.092 

1.272 

f 

1 

5.0 

10 0 

1.020 


1.230 

0.134 

1.364 

B.... 

2 

5.0 

10.0 

1.020 


1.230 

0.121 

1.351 

1 

Average 

5.0 

10.0 

1.020 

0.334 

1.230 

0.127 

1.357 


2. 

By author's modification of Washington's method 




Solution 1 

2.0 

5.0 ! 

1.020 


1.020 

0.000 

1.020 


2 

2.0 

5.0 

1.020 


1.026 

0.000 

1.026 


Average » 

2.0 

5.0 

1.020 


1.023 

0.000 

1.023 


1 

2.0 

5,0 

1.020 


1.262 

0.006 

1.268 

A... - 

2 

2.0 

5.0 

1.020 


1.243 

0.019 

1.262 


Average 

2.0 

5.0 

1.020 

0.245 

1.252 

0.013 

1.265 

f 

1 

2.0 

5.0 

1.020 


1.345 

0 000 

1.345 

B.... 

2 

2.0 

5.0 

1.020 


1.332 

0.012 

1.344 

1 

Average 

2.0 

5,0 

1.020 

0.334 

1.339 

0.006 

1.345 


The author has found in using an artificial soil solution containing ferrous 
ammonium sulfate equivalent to 5 per cent Fe 203 , aluminum sulfate equal 
to 10 per cent AI 2 O 3 and sodium phosphate equal to 0.255 per cent P 2 O& (ex- 
pressed as per cent of soil) that it required the addition of an amount of 
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extraction as the Washington method when the latter is used without taking 
the precaution of avoiding over-heating the residue from the nitric acid ex- 
traction (table 4). The completeness of the extraction by this method is of 
especial interest on account of the great number of determinations carried 
out in the laboratory of its famous author and the valuable conclusions based 
upon these. Were there an actual danger of loss of phosphoric acid by vola- 
tilization through ignition before digestion much of his data would doubtless 
have been far too low. However, as it has been shown that there is no reason 
to suspect loss by volatilization we have no reason to question the reliability 
of his data. Practically as much phosphorus was extracted from sample 
A by this method as by the Fischer method, but contrary to what would be 
expected, considerably less from sample B. 


/TABLE 11 

Phosphoric acid as pound by Hilgard’s method 


SOIL 

DETERMINATION 

IN NITRIC ACID 
EXTRACT 

IN RESIDUE 

total amount 



s 

per cent 

per cent 

per cent 


r 

1 

0.210 

0.025 

0.235 

A \ 

: 

2 

0.210 

0.032 

0.242 


l 

Average 

0.210 

0.029 

0.239 


[ 

i 

0.293 

0.032 

0.325 

B... j 

1 1 
1 1 

2 

0.286 

0.038 , 

0.324 


Ij 

Average 

0.290 

! 

0.035 

0.325 


A summary of the results obtained by the different methods is shown in 
table 12. 


Influence oj titanium 

The presence of titanium has been regarded as tending to retard the pre- 
cipitation of ammonium phosphomolybdate (8, p. 594). Little wotk on the 
subject has been reported and the most of that done has’been in connection 
with the determination of phosphorus in steel or in iron ore, where the per- 
centage is relatively high when compared with the amount usually found in 
soil. 

titanium sulfate equivalent to 2.5 per cent or more of T 1 O 2 to interfere seri- 
ously with the recovery of the phosphorus (table 13). A higher percentage 
seriously affected the accuracy of the determination. 

Robinson (9, p. 12-13) in a study on 26 soils from 13 different types finds 
the percentage of Ti0 2 to vary between 0.40 and 1.59 per cent with an aver- 
age of 0.86 per cent for all, while the author (1, p. 422), in examining 36 
samples of loess soil, found the upper and lower limits of Ti0 2 present 
to be 1.30 and 0.96 per cent, respectively, with a general average of 1.09 
per cent. 
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TABLE 12 


Phosphoric acid as found by the different methods 


1CETHOD 

SOIL 

NUMBER OF 
DETERMINA- 
TIONS AVER- 
AGED 

I N NITRIC 

A.CI» EX- 
TRACT 

huU 
< “ W 
t- £ U 

pi \ 

w 

5 

B 

9 

it 

J Q 

< R 

S3 

H 




per cenl 

per cent 

per cent 

ptr cent 

/ 

A 

2 

0.236 

0.000 

0.009 

0.245 

Fusion unmodified < 

B 

2 

0.322 

0 000 

0.012 

0.334 

Fusion sesquioxides precipi- f 

A 

2 

0.245 

0.000 

0.000 

0.245 

tated \ 

B 

2 

0.32S 

0.000 

0.009 

0,337 

/ 

A 

2 

0.233 

0 000 

0.009 

0,242 

Fusion Mg(Noa)! modification < 

B 

2 

0.334 

0.000 

0.003 

0.337 

• ( 

A 

6 

0.211 

0.000 

0.030 

0.241 

Fischer \ 

B 

7 

0.321 

0.000 

0.008 

0.329 

/ 

A 

9 

0.190 

0 000 

0.058 

0.248 

Washington S 

B 

6 

0.303 

0.000 

0.031 

0.336 

Washington, Robinson’s mod- f 
ification 1 

A 

B 

2 

2 

0.147 

0.188 

0.051 

0.051 

0.054 

0.092 

0.252 

0.331 

Washington, author’s modifica- ( 

tjon ' 

' A 

B 

2 

2 

0.245 

0.331 

0.000 

0.000 

0.000 

0.000 

0.245 

0.331 

1 

f A 

2 

0.210 


0.029 

0.239 

Hikard , . „ , i 

J B 


0 290 


0.035 

0.325 


L 


— 


From data reported in table 13 it is evident that the amount of titanium 
usually present in soil, or even the maximum amount found by Robinson, 
is too low to affect the determination of the phosphorus. 

TABLE 13 




SOLUTION 

CONTENT OF SOLUTION ADDED EXPRESSED AS PER 

CENT OF SOIL 

P-Os recovered 

Set 1* 

Set 2 

Average 

FeiOi 

AUO> 

TiO* 

PjOs 

1 

2 

3 

4 

5 

5.0 

5.0 

5.0 

5.0 

5.0 

10.0 

10.0 

10.0 

10 0 
10.0 

1.0 

1.5 

2.5 

5.0 

10.0 

0.255 

0.255 

0.255 

0.255 

0.255 

per cent 

0.255 

0.255 

0.236 

0.147 

0.019 

per cent 

0.248 

0.255 

0.242 

0.197 

0.032 

per cent 

0.251 

0.255 

0.239 

0.172 

0.025 


* Sets 1 and 2 were run on different days. 
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SUMMARY 

1. Six methods were compared, viz., fusion with sodium carbonate, the 
Fischer and Hilgard methods involving extraction with strong acid, Wash- 
ington’s ‘hydrofluoric acid method, a modification of the last recently 
proposed by Robinson and a modification developed by the author. 

2. With the fusion method usually only a negligible quantity of phosphoric 
acid was recoverable from the separated silica. Neither evaporation with 
magnesium nitrate previous to ignition nor precipitation of the' phosphoric 
acid with the sesquioxides of iron and aluminum in order to separate it from 
the excess of sodium salts was found advantageous. 

3. The Fischer method recovered practically all the phosphoric acid in the 
peat soils, but in most cases with mineral soils a considerable amount was 
left in the insoluble residue. None was lost by volatilization or rendered 
unrecoverable by the formation of compounds of ir^n and aluminum insolu- 
ble in nitric acid. That left in the residue was the result of an incomplete 
extraction by the acids employed. 

4. The Hilgard method for the determination of acid-soluble phosphoric 
acid extracted as much from one soil as did the Fischer method, but in the 
case of another considerably less. 

5. Washington’s method, when applied to soils and modified to the extent 
of igniting the residue to dull redness after the final evaporation with nitric 
acid, failed to recover the whole of the phosphoric acid present. The resi- 
dues upon being fused with sodium carbonate yielded the missing amount, 
thus showing that the low percentages found by this method are not due 
to volatilization during ignition but to incompleteness of extraction by nitric 
acid. 

6. Robinson’s modification of Washington’s method extracted only from 
50 to 65 per cent of the total phosphoric acid, the remainder being found 
partly in the residue and partly in the filtrate from the yellow precipitate. 
With soils high in organic matter the magnesium pyrophosphate obtained by 
this modification of the method carried a considerable amount of magnesium 
oxide, which was derived from precipitated organic compounds. A temper- 
ature so low that no glowing was produced failed to oxidize the organic 
matter completely. Samples analyzed by this modification of Washington’s 
method with the exception that, after the first evaporation with nitric acid, 
they were ignited to very dull redness, behaved similarly, although no phos- 
phoric acid was found in the filtrate from the yellow precipitate. 

7. Two peat soils analyzed both with and without evaporation with mag- 
nesium nitrate solution previous to the ignition, gave no increased amount 
of phosphoric acid from treatment with this reagent, showing that there was 
no loss of phosphoric acid by volatilization during ignition. A sample of 
mineral soil mixed with 0.5 gm. of sugar and carefully ignited showed no loss 
of phosphorus by volatilization. 
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8. The incomplete extraction of the phosphorus from s_ Washing- 
ton’s method was found to be due to overheating the residue, causing the 
formation of difficultly-soluble phosphates of iron and aluminum. 

9. The Washington method may be modified slightly so as to provide for 
the complete oxidation of the organic matter and the subsequent complete 
extraction of the phosphoric acid without making it less satisfactory for 
soils than it has proven for rocks. The prominent features of this proposed 
modification of the method consist of an ignition at dull redness previous to 
the treatment with hydrofluoric and nitric acids and later taking up the phos- 
phoric add with nitric acid, and drying the residue in an air bath at 110°C. 

10. The amount of titanium oxide found in soils is too low to interfere 
with the precipitation of the phosphorus. 
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INTRODUCTION 

In work recorded in an earlier paper (7) a number of soils of different type 
and origin were examined to determine the applicability of measurements of 
hydrogen-ion concentration to the soil. It was found possible to determine 
the hydrogen-ion concentration of soil extracts or soil suspensions in water 
by different methods: (t) an electrometric and (2) a simple colorimetric 
method. The results obtained by the two methods agreed sufficiently well 
to show that either method yields approximately correct results. The dif- 
ferent soil samples exhibited widely different hydrogen-ion concentrations: 
the most acid soil showed the hydrogen-ion exponent 1 4.4; the most alkaline, 
8.6. More recently Sharp and Hoagland (12) have measured a variety of 
soils by the electrometric method and found exponents between the limits 
3.7 and 9.7. 

Wherry (16) lias measured the hydrogen-ion concentration of some soils 
by the colorimetric method in a chemical study of the rocks and soils support- 
ing the growth of the walking fern. Such soils showed exponents 5.5 to 9.0: 
the mean being 7.0. 

Conner (5) estimated the intensity of acidity of soils by measuring the 
hydrolysis of ethyl acetate at the ordinary temperature. This method is not 
rapid, and the results which it yields have not yet been compared with those 
obtained by the above methods. Truog (13) has attempted to estimate the 
acidity by measuring the avidity of the ‘“active” soil acids for bases: it is 
not dear just what relation this avidity would have to the hydrogen-ion 
concentration. 

It will be recalled that the intensity of acidity is measured by the hydrogen- 
ion concentration, and that it bears in general no simple or direct relation 

1 Following the general custom, we report the “exponent’' instead of the concentration 
itself. If desired, the concentration may be calculated by raising the number “10” to the 
power denoted by the exponent and folding the reciprocal of the result. Since, however, in 
practically all of the work on the biological significance of the hydrogen-ion concentration the 
results are stated in terms of the exponent, such a calculation is unnecessary. It need only 
be borne in mind that the exponent is about 7 for neutrality; and that the more alkaline, the 
greater is the value of the exponent; and the more acid, the lower the exponent 
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to the quantity of acid present. It has been shown many times 2 that the 
hydrogen-ion concentration possesses a greater significance in biochemical 
processes than the quantity or concentration of acid substance. It is there- 
fore entirely possible that certain problems of soil fertility, especially those 
relating to the necessity or desirability of liming for any specific crop, which 
have not as yet been solved by means of determinations of “lime requirement,” 
may be solved by measurements of hydrogen-ion concentration. 

The expression “to neutralize acidity” is ambiguous. It may mean to add 
alkali until there remains no excess of hydrogen ions over hydroxyl ions (phys- 
ico-chemical standpoint); or it may mean to add alkali until acidic hydrogen 
atoms are all replaced (purely chemical or stoichiometrical standpoint), in 
which latter case the resulting reaction may be neutral, acid, or alkaline, 
depending on the nature of the salt formed. Most methods for estimating 
lime requirement, such as that of Veitch (14), are based on neutralization in 
the first sense ; the method proposed by Bouyoucos (2) is based on neutraliza- 
tion in the second sense. 

There is a current opinion that the rational liming of soils must be a proc- 
ess of neutralization, in one or the other of the above senses. This opinion 
seems not in accordance with the fact that many crops do well on soils re- 
garded as acid; some, such as blueberries, have been found to require acid 
soils (6) others, such as potatoes, become liable to disease if liming is practiced. 
It would appear evident that what constitutes scientific corrective treatment 
of soil acidity, or soil alkalinity, cannot be settled by convention: we must 
find out what reaction (hydrogen-ion exponent) we ought to impart to the 
soil for any system of cropping, before we attempt to formulate rules for the 
adjustment. 


SELECTION OF SOILS FOR EXAMINATION 

* j 

In the earlier paper, cited above, no attempt was made to correlate the 
results found for the soils with the nature of the soils or with their biological 
characteristics, the soils under examination being too diverse. The measure- 
ments reported in this paper, on the other hand, have been made on soil 
samples grouped, according to the Bureau of Soils, into two types: Caribou 
loam and Washburn loam (15). The samples were taken from fields repre- 
sentative of large areas and conformed to one or the other of the two types. 

• Of the several kinds of soil upon which Irish potatoes are grown in northern 
Maine, the greater part of the crop is harvested from the Caribou loam and 
to a less extent from the Washburn loam. The types are quite similar in 
texture and are derived from the same parent materials, or glacial till; but, 
owing to certain topographic differences which affect particularly the local 
drainage, striking differences are found between soils of these types. 

2 See especially the monograph of Michaelis (11) and a recent paper by Ckrfc and Lubs 
(4) for instances and literature. 



HYDROGEN-ION CONCENTRATION IN SOILS 


315 


The Caribou loam is characterized by the yellowish-brown color of the 
surface soil and even brighter subsurface soil (indicative of good drainage); 
whereas the surface of the Washburn loam is dark gray to black in color, and 
is underlaid by a light gray to a dull yellow and gray mottled subsurface soil, 
the latter being very characteristic of poorly-drained soils. The average depth 
of the surface soil of both types is about eight inches, which is probably one 
or two inches below the average plow depth. The Caribou loam occurs on 
high, well-drained ridges and slopes; the Washburn occurs in low-lying, fiat 
or depressed situations, in which seepage or poor drainage naturally prevails. 
Such low situations favor the accumulation of muck and peat with which the 
Washburn loam is always covered until the land is cleared for cultivation. 
Similar mucky conditions do not occur on the virgin Caribou soils. The 
native vegetation of the Caribou loam is a hardwood growth of maple, yellow 
birch, white pine, balsam fir, and the like. The native-timber growth of the 
Washburn loam is chiefly white cedar, except where the original timber has 
been destroyed by fire, when it is often replaced by other soft woods, such as 
poplar, white birch and cottonwood. 

At least two-thirds of the potatoes grown in northern Maine are pro- 
duced on the Caribou loam, which is in general better suited to potato 
culture than the Washburn loam. In connection with certain potato- 
disease studies carried on cooperatively by the Maine Agricultural Experiment 
Station and the United States Department of Agriculture, Schreiner, Lapham, 
and Westover in 1915 found that potato scab, particularly that caused by 
Spongospm subtermm, where it occurs at all, is largely on the Washburn 
loam, the Caribou loam being comparatively free from disease; and this has 
been confirmed by Hurst in 1916. An instance of the comparative freedom 
of the Caribou loam from infection of Spongospora subferranea has alrea y 
been repotted by Melhus, Rosenbaum, and Schultz (10). Soil 2.0 (p. 2 - 
239) is the Caribou loam while 1.0 is the Washburn, the other numbers (1.1, 
1.2, 2.1) being intermediate phases of the two types. 


EXPERIMENTAL PROCEDURE 

The procedure for the colorimetric determinations is much the same as 
that used before. We have found that acid soils may show a somewhat hig 
acidity when the soil extracts are made with l cc. of water per gram o - 
dry soil than with 2 cc., the quantity used previously. Good 
obtainable with this ratio of 1 to 1. The average difference fT***™*’ 
ing the ratio from 1 to 1, to 2 to 2 was 0.14 m the value **'**£" 
nine soils. This indicates that at optimum morstu* «tte^ 
may be more intense, but to what extent cannot ca c e • 
between the same ratios of water to soil should be compared. We have used 
in the present work 1 cc, of water per gram of air } soi . 
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Most of the soil extracts (suspensions from which the heavier particles 
have been thrown out by means of a centrifuge) show an increased hydrogen- 
ion concentration when examined colorimetrically, if carbon dioxide is passed 
into them. If air which has been freed from carbon dioxide is blown through 
the extracts, some show very little change, others a moderate decrease 
of acidity, but all we have tried maintain their acidity to methyl red far longer 
than water, or suspension of bicarbonates, made acid to methyl red with 
carbon dioxide. 3 

When soils are dried in air, carbon dioxide is lost, for the pressure of car- 
bon dioxide in the soil air is considerably higher than in the atmosphere. It 
has seemed more expedient for the present, however, to study air-dried soils. 

The procedure has therefore its theoretical limitations, and the acidities 
found may be somewhat low for the two reasons given above. 

About thirty grams of air-dry soil, which had been passed through a 1-mm. 
sieve without grinding, were treated in a centrifuge tube of 100 cc. capacity 
with an equal number of cubic centimeters of distilled water. The tube was 
closed by the hand, and after thorough wetting of the soil was accomplished, the 
tube was violently shaken about fifty times. Not more than eight soils were 
thus treated at a time and the entire determination was carried out without 
delay. The tubes were centrifuged for ten to twenty minutes. The super- 
natant fluid was drawn off with a pipette provided with a rubber tube and a 
mouth-piece and distributed into test-tubes. To a small portion a drop of 
methyl red was added; the result showed whether methyl red could be used 
for the measurement, if not, other indicators were tried. To a 5-cc. portion 
of the fluid the proper indicator solution was added and admixed, and the 
color so developed was compared with the colors obtained on adding the same 
quantity of the same indicator solution to tubes containing 5 cc. of various 
“buffer solutions” of known hydrogen-ion exponents.* 

Most of the fluids were somewhat turbid, and the simple comparator of 
Hurwitz, Meyer and Ostenberg (8), as modified by Clark and Lubs (4), was 
used for the comparison. 

The buffer mixtures were made from fifth-molecular solutions of acid potas- 
sium phthalate, acid potassium phosphate, and sodium hydrate, according to 
the proportions given by Clark and Lubs (3,4). The hydrogen-ion exponents 

* It should not hastily be assumed that hydrogen-ion concentrations due to carbon dioxide 
are of less physiological significance than those due to other acids. The hydrogen-ion con- 
centration of the blood, which is so important a quantity that a special mechanism involving 
the regulation of lung activity has been elaborated for keeping it constant, is maintained 
constant by suitably adjusted changes in the carbon dioxide content in spite of variations 
resulting from the accession of various acid or alkaline substances. (See the monograph of 
Michaelis for discussion and references.) 

When carbqp dioxide is accompanied by carbonates in analytically significant quantities 
the hydrogen-ion concentration is far lower for moderate pressures than those reported here 
for the more acid class of soils. [A general discussion of the carbonate equilibrium has been 
given by Johnston (9).] 
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of the buffer mixtures were checked electrometrically. If the substances • 
used Ere known to be pure this is unnecessary. 

The following two indicators were used; methyl red, and bromcresol pur- 
ple (dibrom-o-cresol-sulfone-phthalein). Both were used in water solution: 
methyl red, two drops of a 0.02 per cent solution of the sodium salt; and brom- 
cresol purple, three drops of a 0.04 per cent solution of the sodium salt. Al- 
though a slight excess of alkali is necessary in order to dissolve the indicators 
(4), if the excess is very slight over the theoretical quantity (one equivalent) 
the resulting solutions appear to have, if anything, less buffer action than the 
alcoholic solutions formerly used. At any rate the two solutions used by us 
gave concordant values (about 5.8) of the hydrogen-ion exponent for the dis- 
tilled water used. 

In one or two cases it was observed that even with the comparator the color 
of the soil extract treated with brom-cresol purple could not be matched in 
value exactly with any of the buffer solutions containing this indicator. This 
is due to dichromatism. Clark and Tubs have pointed out the disturbing 
effect of dichromatism in turbid solutions of this indicator and have shown 
how to reduce it (4). We have viewed the solutions through thin layers 
(12 mm'.) in the comparator, but have not used the screened source of light 
devised by them. For the present differentiation the error due to dichro- 
matism was unimportant: in fact, the mere differentiation could have been 
effected, as it proved, by the use of methyl red alone. 

EXPERIMENTAL RESULTS 

The results for cultivated fields of soils of the Caribou loam type are given 
in table 1 , and the corresponding results for the Washburn soils in table 2. 
The samples were taken from the first 8 inches. The soils are arranged in 
order of decreasing acidity. The indicator used for the Caribou soils was 
methyl red, for the Washburn soils the indicator was also methyl red except 
for the last five cases. 

TABLE i 


Hydrogen-ion exponents of cultivated soils belonging to the Caribou loam type 


Soil number . . 

1 

2 

3 1 4 

5 

6 

7 

8 1 9 

10 

11 

12 

13 

Exponent 

4.85 

5.0 

5.05 5.1 

5.15 

5.2 

5.2 

5.25 5.3 

5.3 

5.3 

5.35 

5.45 


TABLE 2 

Hydrogen-ion exponents of cultivated soils of the Washburn loam type 


Soil number 

14 j 

15 

16 

17 

18 . 

19 

20 

21 

22 

23 ; 

24, 

Exponent . . 

5.4 

5.5 

5.7 

1 5.7 

5.8 

5. 8j 

5.8 

6.25 

6.3 

6.4 

6.65 


A further interesting comparison is noted when these results are tabulated 
according to die occurrence of both types on the same field. This is done in 
ftble 3. 
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TABLE 3 


Hydrogen-ion exponents oj soils of the Caribou loam and Washburn loam , collected in the same 

field 


FIELD 

CARIBOO LOAM 

WASHBURN LOAM 

DIFFERENCE 

A 

5.00 

5.80 

0.80 

B 

5.15 

5.50 

0.35 

C 

5.30 

5.70 

0.40 

D 

5.35 

5.70 

0.35 

E 

5.10 

6.40 

1.30 

F 

5.20 

5.40 

0.20 

G 

5.25 

5.80 

0.55 

H 

5.20 

6.30 

1.10 

I 

5.45 ! 

6.65 

1.20 


When one considers that the two types in each of these fields received 
exactly the same treatment in fertilization and cultivation, it shows that 
the differences are not accidental but are characteristic of the soil type. It 
should further be emphasized that these Maine potato soils have never 
been limed. 


DISCUSSION OF THE RESULTS 

The mean value of the exponent for the Caribou soils is 5.2; that for the 
Washburn soils, 5.93. Although all of the soils examined are acid, the Caribou 
soils are as a class, indeed almost without exception, more intensely acid 
than the Washburn soils. Of the general biological differences of the two 
types, the more interesting are those relating to the occurrence of potato 
scabs, since the growth of the causal organisms might be inhibited by the 
acidity of the Caribou soils but not by that of the Washburn soils. It has 
been shown for a number of microorganisms that growth is impossible beyond 
a certain intensity of acidity, as measured by the hydrogen-ion exponent. 
As compiled from various authorities by Clark and Lubs (4) the acid limit 
for six species studied lies above the acidity represented by the exponent 5.3. 
For a ceitain group of Streptococci , however, described by Ayers (1), the limit- 
ing exponents lie between 5.5 and 6.0, and without doubt other microorgan- 
isms will be found to fail to grow at such hydrogen-ion concentrations. 

It is therefore not impossible that the relative freedom of soils of the Cari- 
bou type from disease may be due to the greater intensity of acidity. 


SUMMARY 

The Caribou loam and the Washburn loam from Aroostook County, Maine, 
possess before cultivation broadly different biological characteristics. Both 
types are largely devoted to potato culture, the Caribou loairf being better 
adapted to this than the Washburn loam. 



319 


HYDROGEN-ION CONCENTRATION IN SOILS 

• ' 

Cultivated soils of the Caribou loam type exhibit, when examined by 
the colorimetric method, considerably greater hydrogen-ion concentrations 
than do soils of the Washburn loam type. The average hydrogen-ion expon- 
ent for the Caribou loam was found to be 5.2; that of the Washburn loam 5.93. 

The possibility is indicated that the relative freedom of the Caribou loam 
from potato scabs may be due to its greater hydrogen-ion concentration. 
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It has been proved by the author (1) that the process of ammonification 
and nitrification are autocatalytic chemical reactions and that the increase of 
ammonia and nitric acid in these processes are in accordance with the formula 

where x is the amount of nitrogen in the form of ammonia and of nitric acid 
which has been produced at the time t, A is the total amount of nitrogen in 
the form of ammonia and of nitric acid produced during the process, K is a 
constant, and h is the time in which half of the total amount of nitrogen 
in the form of ammonia and of nitric acid is produced. This proof has been 
secured by the application of the autocatalytic chemical equation to the results 
of Lipman’s, Lemmermann’s and Warington’s experiments. It will be both 
interesting and important, therefore, to test the proof of this subject further by 
personal experiments. 

The present paper deals with the results of ammonification. The results 
of nitrification will be treated elsewhere later. 

EXPERIMENTAL 

Five different soils— Caribou silt loam, and Washburn silt loam from Maine, 
Superior clay from Wisconsin, Scottsburg silt loam from Indiana, and soil 
from the Arlington farm, Virginia, were selected and used for the experiment 
in an air-dried condition after having been passed through a 1-mm. sieve. 
Leucine and tyrosine were used as the chemicals to be ammonified. These 
were made in the laboratory by us from casein and from hom meal. 

For the experiment 100 gm. of the soils and the chemicals equivalent to 
100 mgm. of nitrogen were used. The amount of leucine and tyrosine used 
is, therefore, 0.9372 and 1.2943 gm., respectively. To the mixture 10 cc. of 
water was added and well mixed. The treated soils were kept in bottles. 
After incubation at a constant temperature (30°C.) for certain intervals of 
time as indicated in the following table, 10 gm. of the soils were taken and 
|mmonia was determined by the usual distillation method with magnesia. In 

1 The investigations recorded in this paper were carried out in the laboratory of Soil 
Fertility Investigations, Bureau of Plant Industry, United States Department of 
Agriculture. • 
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all cases the amount of ammonia obtained by distillation of the soil without 
addition of any compound, was subtracted from the quantity of ammonia 
found on distillation of the treated soils after they had undergone the process 
of ammonification. By weighing the bottles every morning we confirmed 
that the water content of the soils remained almost constant throughout the 
experiment. 

The result obtained is as follows: 

TABLE 1 

Milligrams of ammonia nitrogen actually produced from the compounds equivalent to 100 mgm. 
of nitrogen in 100 gm. of the soils and calculated by the equation given 

1. Result with Arlington soil 

a. Equation for leucine: 

,0 g 7ll ^- 0.2032 (I -6.85) 

h. Equation for tyrosine: 


log wi^ = 01634 


DAYS 

LEIXTNT- 

i 

TYROSINE 

Calculated 

Found 

Calculated 

Found. 


mgm. 

mgm. 

mgm. 

mgm. 

2 

7.35 

7.77 

5.76 

3.12 

5* 

23.24 

23.30 

14.98 

15.58 

7 

.40.60 

46.59 

25.19 

24.93 

q* 

57.43 

‘ 62.12 

37.07 

37.39 

12* 

71.99 

71.44 

51.84 

50.08 

14 

75.79 

74.55 

58.24 

56.09 

16* 

1 

77.38 

77.66 

61.17 

* 61.21 


2. Result with caribou soil 

a. Equation for leucine: 

log 7 l ^ = °' I602 ( '- 8 - 3 > 

b. Equation for tyrosine: 


l0 «7U^ = 04816 ( '- U > 


DAYS 

LEUCINE 

TYROSINE 


Calculated 

Found 

Calculated 

Found 


mgm. 

| mgm. 

mgm. 

mgm. 

2 

6.96 

i 7.77 

4.79 

3.12 

5* 

17.83 

j 17.20 

14.39 

[ ' 12.80 

7 ! 

29.85 

29.95 

26.31 

26.71 

9* | 

44.03 

44.98 

41.01 

41.17 

12* 

62.19 

59.02 

59.04 

57.87 

14 

69,55 

67.12 

65.58 

68.87 

' 65.11 

16* 

1 

73.78 

73.22 

69.00 




a. Equation for leucine: 


TABLE 1 —Continued 
3. Result with Indiana soil 


lo ® 84lT— * = °'®52 (I — 8.55) 

b. Equation for tyrosine: 


l0g 4lM^ = 0 1222 <‘- 8 - 87 ) 


DAYS 

LEUCINE 

TYR05INE 

Calculated 

Found 

Calculated 

Found 


mgm. 

tUgm. 

mgm. 

mgm. 

2 

15.47 

8.32 

5.43 

3.34 

5* 

26.01 

24.41 

10.83 

10.02 

1 

34.86 

34.17 

15.96 

* 15.58 

9* 

44.44 

44,37 

21.88 

21.81 

12* 

58.11 

57.13 

30.38 

30.61 

14 

4 65.65 

65.23 

34.77 

34.28 

16* 

71.49 

71.44 

37.89 

38.40 


4. Result with Superior soil 

a. Equation for leucine: 

lo s§db =ftl275 <‘- 717 > 

b. Equation for tyrosine: 

Ia? sH^ =am5( '- 5 ' 35) 


DAYS 

LEUCINE 

TYROSINE 

1 

Calculated 

Found 

Calculated 

Found 


mgm. 

mgm. 

mgm. 

mgm. 

2 

14,88 

15.53 

9.99 

7.23 

5* 

28.63 

24.85 

27.87 

26.15 

7 

40.34 

40.38 

39.77 

40.51 

9* 

52.27 

52.81 

49.46 

48.30 

12* 

66.62 

65.23 

55.92 

54.53 

14 

72.93 

74.55 

57.39 

56.20 

16* 

77.02 

77.66 

58.14 

57 65 


5. Restdl with, Washburn soil 

a, Equation for leucine: 

. log^ =0.201 (i -4.3) 


b. Equation for tyrosine: 



, 

* =nnoi/Wt 

- 5.75) 


79.56-* . 


LEUCINE 

TYROSINE 

DAYS 





Calculated 

Found 

Calculated 

Found 


mgm. 

mgm. 

mgm. 

mgm. 

2 

21.14 

10.87 

24.82 

12.46 

5* 

48.03 

48.15 

36.64 

35.84 

7 

64.31 

69.89 

44.96 

45.19 

9* 

74.31 s 

76.20 

52.90 

51.42 

12* 

80.44 

79.20 

62.76 

61.21 

14 

81.82 

80.76 

67.68 

66.22 

16* 

! 

82.37 

82 .32 

71.34 

70.12 


* * These points were used for the calculation of value A . 
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It will be seen from the table that the observed and calculated values of 
x are in good agreement. There is, therefore, no doubt that the process of 
ammonification is an autocatalytic chemical reaction and that the in- 
crease of ammonia in this process is in accordance with the formula log 

= K(t — h), as stated in the previous paper. 

From the practical standpoint, it might be considered that while the am- 
monification of a compound is still going on in the soil, a part of the ammonia 
produced is oxidized to nitrites and nitrates. , The loss of nitrogen in the form 
of ammonia is also caused through denitrification. For such reasons, the 
ratio between the nitrogen in the compound added and the nitrogen in the 
ammonia produced never attains its final value. The total amount of nitro- 
gen in the compound added, consequently, might be gradually transformed 
into nitrogen of ammonia form. But when we consider ammonification itself 
from the scientific standpoint, it is very interesting and important to know 
whether the total amount of nitrogen added will be ammonified. The rate 
of transformation of nitrogen in the process of ammonification will be clearly 
shown by the equation, because A in the equation denotes the maximum 
amount of nitrogan produced in the form of ammonia. The actual value of 
A is, however, cjways less than the amount of nitrogen added. This means 
that the nitrogen added is not totally transformed into the nitrogen in the 
form of ammonia in the process of ammonification. For the sake of conven- 
ience we have brought together our results in table 2. • 


. TABLE 2 

Rate of transformation of nitrogen in the process of ammonification* 


sons 

LEUCINE 

TYROSINE 

Nitrogen 

added 

Value of 

A 

Nitrogen 

added 

Value of 

A 


mgm. 

mgm. 

mgm. 

mgm- 

Arlington 

100.00 

78.46 

100.00 

64.00 

Caribou 

100.00 

78.08 

100.00 

71.62 

Indiana 

100.00 

84.53 

100.00 

42.98 

Superior 

100 00 

82.76 

100.00 

58.36 

Washburn 

100.00 

82.74 

100.00 

i 79.56 


The rate of transformation seems to be dependent upon the conditions of 
the experiment as to soils, chemicals, moisture, temperature, etc. In our 
experiment, the value A for leucine was always greater than that fQr tyrosine, 
that is, leucine ammonified to a greater extent than did tyrosine. The value 
A of each compound was also greatly influenced by the soils. 
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SUMMARY 

1. We have confirmed again that the process of ammonification is an auto- 
catalytic chemical reaction and that the increase of ammonia in the process 
is in accordance with the formula: 

2 . The total amount of nitrogen added to be ammonified does not transform 
into the nitrogen in the form of ammonia in the process of ammonification. 

3. The amount of nitrogen transformed into ammonia nitrogen is greatly 
influenced by botW the soils and chemical compounds used. 

In conclusion, it is a pleasure for the author to acknowledge his indebted- 
ness to Dr. Oswald Schreiner and Dr. Elbert C. Lathrop, of the Bureau of 
Plant Industry, United States Department of Agriculture. 
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Last July a sample of finely-ground, soft coral limestone was submitted 
to this laboratory for analysis by one of the local lime companies. A request 
for our opinion of the material as a corrector of soil acidity accompanied the 
sample . The analysis of this limestone appears in table 1 . 


TABLE 1 

Analysis of soft coral limestone 


Moisture 

Volatile matter (chiefly CO 2 ). 

S 1 O 2 , AlsOa, Fe 2 03 

Lime (CaO) 

Magnesia (MgO) 

Phosphorus pentoxide (P2O5). 

Sulfur trioxide (S0 5 ) 

Lime calculated as carbonate, 


per ctTil 
1.2 
41.2 
2.4 

52.6 
1.3 
0.1 
0.6 

93.6 


After receiving the above report the company in question desired us to 
make a few tests, if possible to ascertain the solubility or availability of this 
finely-ground product as compared with coral sand which at present is being 
quite generally applied to soils in the acid districts. Thinking this to be a 
subject of some importance to the plantations located on the add soils of 
Hawaii, as well as a subject of some scientific interest, a series of experiments 
were planned to test out the relative rates of availability of the two forms of 
lime carbonate in question. The results of these experiments form an excuse 
for the publication of this article. 

There are two points to be recognized and remembered in reading this 
report. First, coral sand and finely ground coral limestone are identical 
chemically— their only difference lies in mechanical condition, i.e,, degree of 
fineness and hardness of grain. Second, in applying lime to sugar cane lands 
for the correction of soil acidity we do it, not so much to benefit the cane 
plant directly (for we know that, if properly fertilized, cane can be grown on 
very acid soils), as to enhance beneficial bacterial activity. If this is accom- 
plished, available plant-food is at all times being prepared, resulting in a 
more normal feeding of the cane, and eventually m increased yields. 
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At first this problem of lime availability appeared somewhat puzzling, for 
time did not permit of extended vegetative tests with growing plants. Further 
more, it is obviously impossible to add the materials to exact neutrality in an 
acid soil and determine the rates of availability by the ordinary lime require- 
ment methods, for, if correct amounts of the materials were added upon 
such chemical* analysis a neutral soil would at all times result, irrespective of 
the size of the calcium carbonate particles. In fact, the Veitch method was 
tried which showed the futility of .such a method of attack. It then occurred 
to the writer that, while nitrification is low in an acid soil, it picks up with 
remarkable celerity upon the addition of lime carbonate in readily available 
forms. On the other hand, if lime carbonate is added in chunks or in unavail- 
able forms, as in hard shells or coarse marble fragments, nitrification would be 
enhanced but slightly. 

The plan of the investigation follows. 

About 100 pounds of a very acid surface soil was secured, through the 
courtesy of Mr. W. P. Naquin, from one of the upper fields of the Pacific 
Sugar Mill at Kukuihaele, Hawaii. It is a reddish brown clay loam of con- 
siderable potential fertility and previous experiments had shown it to con- 
tain a nitrifying flora which awaited only a proper lime application to render 
it vigorously active. An analysis of this soil is given in table 2. 

TABLE 2 

Analysis of Kukuihaele Mauka surface soil 


Agricultural method of analysis (1) 

per cent 

Phosphoric acid (P 2 Os) '. 0.88 

Potash (K 2 0) 0.33 

Lime (CaO) 0.31 

Total nitrogen 0,44 

Citrate-soluble analysis [Dyer’s modified method] (1) 

Phosphoric acid (P 2 0&) ‘ 0 00 1 8 

Potash (K 2 0) 0.0283 

Lime (CaO) ’ : 0.0560 


Lime-requirement (Veitch method) 1.068 per cent lime carbonate (16 tons per acre-foot). 

This soil, as it exists in the field, is of good physical condition but underlain 
at a depth of about 6 inches by a heavy, hard subsoil of somewhat lighter color. 

The bag of soil, upon its arrival at the laboratory, was air-dried in the shade, 
sifted through a 3-mm. sieve and thoroughly mixed. Two hundred and 
sixteen 100-gm. portions were now weighed out into clean, sterile glass tumblers 
and covered with glass Petri dishes; These were arranged in 9 series of 12 
duplicate soil cultures each. The treatment of each series was identical, being 
as follows: 
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NO. 

TREATMENT 

1- 1A 

Blank on soil, exactly neutralized with coral sand 

2- 2A 

Blank on soil, exactly neutralized with ground limestone 

3- 3A 

0.3 gm. dried blood added (40.5 mgm. N) 

4- 4A 

0.3 gm. dried, blood neutralized with coral sand ‘ 

5- 5A 

0.3 gm. dried blood twice neutralized with coral sand 

6- 6A 

0.2 gm. ammonium sulfate added (42.4 mgm. N) 

7- 7A 

0.2 gm. ammonium neutralized with coral sand 

8~ 8A 

0.2 gm. ammonium twice neutralized with cofal sand 

9- 9A 

0.3 gm. dried blood added, neutralized with ground limestone 

10-10A 

0.3 gm. dried blood added, twice neutralized with ground limestone 

11-11 A 

0.2 gm. ammonium sulfate added, neutralized with ground limestone 

12-12A 

0.2 gm. ammonium sulfate added, twice neutralized with ground 


limestone 


A brief explanation of these treatments may not be superflous. The coral 
sand employed was of very good quality. Only that portion between 0.5 
mm. and 1mm. in size was used. This treatment eliminated all of the larger 
grains of sand, shells, sticks, pieces of seaweed, etc. Upon analysis it was 
found to contain 89 per cent of lime carbonate. An analysis of the finely- 
ground coral limestone appears in table 1 , In supplying both of these materials 
to the cultures, allowances were made for contained impurities so that equal 
and correct percentages of lime carbonate (CaCCb) were added in all cases to 
neutralize the soil acidity exactly, or double this amount, as the case might be. 

In soil cultures 1 and 1A no nitrogen was added. Enough coral sand was 
supplied to neutralize the soil acidity exactly. 

Soil cultures 2 and 2 A were treated in exactly the shme way as no. 1 and 
1A, except that ground limestone was here substituted for the coral sand. 

Soil cultures 3 and 3A received 0.3 gm., of dried blood only (40.5 rngm. 
organic nitrogen). 

Soil cultures 4 and 4A were exactly the same as no. 3 and 3 A, except that 
the soil acidity was here exactly neutralized with coral sand. 

Soil cultures 5 and 5 A were the same as no. 3 and 3 A, with the exception 
that here twice as much coral sand as required was added. 

Soil cultures 6 and 6 A received 0.2 gm. of ammonium sulfate only (42.4 mgm. 
ammonia nitrogen), 

Soifcultures 7 and 7A were the same as no, 6 and 6A, except that here enough 
coral sand to neutralize soil acidity exactly was added. 

Soil cultures 8 and 8A were identical with no. 6 and 6A, except that twice 
ns much coral sand was added as was actually needed. 

Soil cultures 9 and 9A received 0.3 gm. of dried blood and exactly enough 
ground coral limestone to neutralize the soil acidity. 

Soil culture? 10 and 10A were similar to no. 9 and 9A, except that here twice 
ns much ground limestone was added. 
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Soil cultures 11 and 11 A received 0.2 gm. of ammonium sulfate each after 
being exactly neutralized with ground limestone. 

Soil cultures 12 and 12A were the same as no. 11 and 11A except that 
twice as much ground limestone was added. 

To all of the soil cultures optimum amounts of sterile distilled water were 
added. The" incubation temperature was 28°C. Two cubic centimeters of 
water were added each week to each culture to make up for loss from evapora- 


TABlt 

Availability of coral sand and poui 










PEEIOD 01 Diet 

SOIL 

CULTURE 

TREATMENTS 

2 weeks 

Series I 

4 weeks 

Series II 

6 weeks 

Series III 

8 weeks 
Series IV 



N 

nitrified 
per | 
culture 

Nitrogen 

nitrified 

N 

nitrified 

per 

culture 

Nitrogen 

nitrified 

. N i 
nitrified 
per 

culture 

Nitrogen 

nitrified 

. N 

nitrified 

per 

culture 

Nitrogen 

nitrified 



mgm. 

per cent 

mpn. 

per cent 

mgm. 

per cent 

mgm. 

peruii 

2 

Blank + sand. 

Blank + ground lime- 

4.00 

0 .91 

4.00 

0,91 

4,50 

1.02 

9.00 

2.01 


stone. 

4.80 

1.09 

4.50 

1.02 

6.00 

1.36 

9 00 

2.01 

3 

Dried blood only. 

4.80 

11.8 

4.20 

10.4 

7.50 

18.5 

12.00 

29.6 

4 

Dried blood + sand. 

9.00 

22.2 

10.00 

24.7 

12.00 

29.6 

18.00 

44.4 

5 

6 

Dried blood + 2 sand. 
Ammonium sulfate 

10.40 

25.7 

11.00 

27.2 

16.00 

39.5 

21.00 

51.9 

7 

only. 

Ammonium sulfate + 

3.40 

8.0 

4.80 

11.3 

' 8.00 

18.9 

7.50 

17.7 

8 

sand. 

Ammonium sulfate + 

10.00 

23.6 

28.00, 

66.0 

27,00 

63.7 

29.50 

69.6 

9 

2 sand. 

Dried blood -f 

15.00 

35.4 

30.00 

70.7 

28.00 

66,0 

33.00 

77.8 

10 

ground limestone. 
Dried blood -f- 2 

12.00 

29.6 

25.00 

61.7 

25.00 

61.7 

25.00 

61.7 

11 

ground limestone. 
Ammonium sulfate + 

13.00 

32.1 

25.00 

61.7 

1 26.00 

64,2 

25.00 

61.7 

12 

ground limestone 
Ammonium sulfate + 

13.00 

30.7 

44.50 

105.0 

45.00 

106.1 

43.00 

10 1.4 

Blank 

2 ground limestone 
Blank on sdil, no addi- 
tions. Incubated 
20 weeks 

32.00 

75.5 

45.00 

106.1 

45.00 

106.1 

i 

44.00 

103.8 


1 These are averages of closely agreeing duplicate determinations. 


tion. All nine series (216 cultures) were started together on August 7, 1916. 

As the chief object of the experiment was to note the progressive effect of 
the different forms of lime carbonate on the nitrification of organic nitrogen 
and sulfate nitrogen, one series was dried out and analyzed for nitrates at the 
end of each period of 2 weeks during the first 16 weeks. The Mst, series IX, 
was allowed to incubate 5 months (20 weeks). 
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Table 3 imparts all of the data obtained, while figure 1 graphically presents 
these same results It should be stated that nitrates were determined in 
these cultures by the modified phenoldisulphonic acid method of Gill (2) 
calcium carbonate (3) being used as the flocculating agent. 

Before discussing the data here presented it should be stated that, under 
mainland conditions according to data previously secured by the writer and 
by others, the amounts of nitrate nitrogen biologically formed during one 


al limestone as measured by nitrification 1 


10 weeks 

Series V 

12 weeks 

Series VI 

14 weeks 
Series VII 

16 weeks 
Series VIII 

20 weeks 
Series IX 

GENERAL 

AVERAGES OR A IX 
SERIES 

N 

rified 

& 

Nitrogen 

nitrified 

. N 

nitrified 

per 

culture 

Nitrogen 

nitrified 

. N 

nitrified 

per 

culture 

Nitrogen 

nitrified 

N 

nitrified 

per 

culture 

Nitrogen 

nitrified 

. N . 
nitrified 
per 

culture 

Nitrogen 

nitrified 

_ N 

nitrified 

per 

culture 

Nitiogen 

nitrified 

gm. 

per cent 

n gm. 

per cent 

mgm. 

Per cent 

mgm. 

per cent 

min. 

per cent 

mam. 

Per cent 

>00 

2.73 

9.00 

2.04 

10.00 

2.27 

8.00 

1.82 

9 00 

2.04 

7.72 

1.75 

2.00 

2.73 

10.00 

2.27 

11.00 

2.50 

7.50 

1.70 

9.00 

2.04 

8.20 

1.86 

>.00 

44.4 

16.00 

39.5 

13.00 

32.1 

9.00 

22.2 

11.00 

27.2 

10.50 

25.9 

1.00 

49.4 

22.00 

54.3 

25.00 

61,7 

20.00 

49.4 

20.00 

49.4 

17.33 

42.8 

LOO 

59.3 

27.00 

66.7 

25.00 

61.7 

22.00 

54.3 

28.00 

69.1 

20.50 

50.6 

5.00 

18.9 

7.00 

16.5 

6.00 

14.1 

6.00 

14.1 

7.50 

17.7 

6.46 

15.2 

too 

' 70.7 

30.00 

70.7 

1 . 31.00 

73.1 

i 24.00 

56.6 

22.00 

51.9 

25.65 

1 

60.5 

.00 

75.5 

32.00 

75.5 

32.00 

75.5 

25.00 

59.0 

30.00 , 

70.7 

28.55 

1 67.3 

-.00 

64,2 

26.00 

64.2 

26.00 

64.2 

25.00 

61.7 

28.00 

69.1 

24.62 

60.8 

.00 

74.1 

29.00 

71.6 

28.00 

69.1 

lost 


29.00 

71.6 

25.62 

63.3 

.00 

103.8 

44.00 

103.8 

40.00 

94.3 

40.00 

94.3 

39.00 

92.0 

39.16 

92.4 

.00 

106.1 

44.00 

103.8 

43.00 

101.4 

41.00 

96.7 

40.00 

94.3 

42.11 

99.3 









1.60 

0.36 

1.60 

0.36 


month’s incubation period in soil cultures under optimum conditions of mois- 
ture and temperature (in an incubator) are very nearly equivalent to the 
amounts formed in soils in the field during a period of from 2 to 3 months. 1 
Therefore, the “Incubation Period in Weeks” as shown in figure 1 should in 

Experiments testing out this point for Hawaiian soils under Hawaiian climatical con- 
ditions are now being instigated at this experiment station. 
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all probability be multiplied by about 2 or 3 in each case if approximate field 
conditions are desired. 

A number of very interesting facts are shown by a study of the data and 
graphs presented. Probably the most striking is the effect of the finely- 
ground coral limestone on the rate of nitrification. This is especially true 
where ammonium sulfate was used as the source of nitrogen (see heavy lines 
in figure 1). At the end of 2 weeks, only 8 per cent of the sulfate nitrogen was 
transformed where no lime was applied. Where exactly enough ground lime- 
stone to neutralize soil acidity was used, nearly 31 per cent was nitrified, and 
where twice this amount was added, 75 per cent of the sulfate nitrogen was 
converted into nitrate in this previously acid soil. The same general trend 
is noted where coral sand instead of ground limestone was used, but the in- 
crements of gain , over the cultures without lime are here a little less than 
half the above. • 

At the end of oifb month, where ground limestone was used, all of the added 
sulfate nitrogen was nitrified, as well as a small amount of the soil's own 
organic nitrogen, while where coral sand was added only about 70 per cent 
of the added nitrogen was transformed. At no period of time after this ivas 
coral sand, either to exact neutrality or in twice this amount, able to effect 
a nitrification of much over 75 per cent of the sulfate nitrogen originally 
added. On the other hand, ground limestone, from the fourth to the fifteenth 
week, in all cases affected a complete nitrification of all added sulfate nitrogen. 
It will be noted that after about the fifteenth week there was a gradual dropping 
off of nitrate in all of the cultures. This is doubtless due in part to denitri- 
fication, in part to the complete use of all bases present by the nitrous and 
nitric acids formed by the nitrifying bacteria, and in part to the formation of 
other bacterial products which were mimical to continued active bacterial 
growth. As will also be seen, the additions of twice the required amounts of 
lime (either as ground limestone or as coral sand), had but slight advantages 
over those quantities needed to neutralize soil acidity exactly. The only 
pronounced exception is with the ground limestone at the start of the incuba- 
tion period. Here an excess of lime appears to have accelerated considerably 
the initial bacterial action. 

Where dried blood wtis substituted for ammonium sulfate as the carrier of 
nitrogen, the same general tendencies as above noted occurred (see light lines 
in figure 1), although the absolute percentages of added nitrogen nitrified are 
less. At the end of 4 weeks ground limestone effected over three times as 
much nitrification (over the no lime cultures) as did coral sand, but this ratio 
gradualjy narrowed with prolonged Incubation until, at the end of 14 weeks, 
the coral sand was to the ground limestone as 8 is t| 9. Continued incubation 
from this point had little effect on nitrate formation where sand was added, 
but there continued to be a slight increase with the finely-ground limestone. 
Double the required amounts of coral sand (where dried-blood nitrogen was 
used) had a far greater enhancing effect on nitrification than similar double 


sottsamat, vol. iv, nq. i 



334 


V. S. BURGESS 


portions of the ground limestone, for at the end of 12 weeks twice the former 
gave approximately the same amount of nitrate formed as once the latter. 
The reason for this is probably to be found in the larger amount of fine material 
added in a double application of the coral sand, for, as this work clearly shows, 
the finer the material the more readily it corrects acidity. 

The above discussion has been based on the percentage of added nitrogen 
transformed. Let us here briefly consider the absolute amounts of nitrate 
produced. It will be remembered that the same soil was used throughout, 
also that approximately equal amounts of nitrogen were in all cases added 
(40.5 mgm. as blood nitrogen and 42.4 mgm. as ammonium sulfate nitrogen). 
Table 3, shows definitely that, where no lime in any form is added, larger 
quantities of nitrogen are converted into nitrate from blood nitrogen than 
from sulfate nitrogen, but where lime of any description is added the absolute 
reverse is true. This is readily explained. Where ammonium sulfate only is 
applied, the basic ammonium radicle (NH 3 ) is in part concerted into nitrate, 
leaving the acid sulfate radicle (S0 3 ) free. The latter, combining with water 
(H 2 0), immediately forms sulfuric acid (H 2 SO 4 ). Thus, as slow nitrification 
progresses the soil becomes more and more acid until, as shown in figure 1, 
at the end of 6 weeks such an excess of acid has accumulated that from then 

0 

on nitrification gradually falls off to the end of the experiment. On the other 
hand, when blood alone is applied, vigorous ammonification at once sets in 
with an evolution of far more basic ammonium carbonate than the sluggish 
nitrifying bacteria can oxidize. The result is that much of the soil acidity is 
at once neutralized, which in turn renders conditions more favorable to active 
nitrification. Thus at first the nitrification of blood is fairly rapid (fig. 1), 
but a time eventually comes when all of this basic ammonium carbonate is 
either nitrified or neutralized (at the end of 10 weeks’ incubation period). 
From here on will be noticed a very rapid falling off in the amounts of nitrate 
formed, which continues to the end of the experiment. Stated concisely, 
organic forms of nitrogen are always more quickly and readily nitrified in 
acid soils than are mineral ammonium salts. 

A few valuable facts are gleaned from a study of the figures presented in 
table 3 which are impossible of graphic representation in figure 1. 

When we consider the soil’s own organic nitrogen (no additions of either 
dried blood or ammonium sulfate) we find that it makes practically no differ- 
ence as to absolute amounts of nitrogen nitrified whether coral sand or finely 
ground limestone is used, although slightly quicker action is secured from 
applications of the latter. Averaging all of the figures throughout the 20 
weeks’ test we have, where sand was applied, 1,75 per cent of the soil’s nitrogen 
nitrified; where ground limestone was used, 1.86 per cent, and where no lime 
was employed 0.36 per ce^t. The reason for the close approach of sand to 
ground limestone where the soil’s own organic nitrogen was concerned is prob- 
ably to be found in the fact that here such small amounts of nitric acid are 
produced that enough very fine material is present in the sand added to neu- 
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tralize it, as well as the more active soil acidity. Experiments pertainini 
to the effect of partially neutralizing soil acidity on the nitrification of th 
soil's own organic nitrogen, sulfate nitrogen and blood nitrogen, are now ii 
progress at this station. 

Considering absolute amounts of nitrogen made available (transformed t 
nitrate^, it is noteworthy that an application of the required amount of lime 
to this soil without added nitrogen supplies more nitrate to the growing cane 
through the nitrification of the soil's own organic nitrogen than an application 
of 1§ tons per acre of ammonium sulfate without lime , and four-fifths as much 
as an application of 1 ton of dried blood without lime, provided moisture and 
temperature conditions are suitable. In other words, lime and no fertilizer 
(except nitrates) could here pay better than fertilizer and no lime. 


* CONCLUSIONS 

Taking the average figures for each 2-week incubation period throughout 
the 20 weeks (see last two columns of figures in table 3) the following con- 
clusions may be drawn 

1. Where no additions of nitrogen are made, coral sand and ground coral 
limestone are about equally effective in enhancing the nitrification of an acid 
soil's own organic nitrogen. After neutralizing Hawaii acid soils, the average 
amounts of nitrate formed over a period of 5 months under optimum conditions 
are comparatively small. 

2. The increment of gain in nitrate formed over the soil exactly neutralized, 
due to adding twice the amounts of lime required (either as coral sand or as 
ground limestone), is too slight to warrant double applications. Twice the 
required amounts of coral sand effect a greater increase in nitrate produced 
over the soils exactly neutralized than do twice the amounts of finely-ground 
coral limestone. 

3. Where coral sand was used in sufficient amounts to bring the soils to 
exact neutrality, the following percentages of gain over the soils to which no 
li mp in any form was added, are indicated: 

per ceni 

No nitrogen added (soil’s own nitrogen) 

Dried blood nitrogen added ^gg 

Ammonium sulfate nitrogen added 

4. Where finely-ground coral limestone was used to neutrality, the following 
percentages of gain over the “no lime cultures are indicated. 


No nitrogen added (soil's own nitrogen) . . 

Dried blood nitrogen added 

Ammonium sulfate nitrogen added 


5. Comparing the average percentage of increased mtraU ' P 0 *"^** 
to neutralizing exactly the soil with coral sand, with that brought about by 
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the addition of finely-ground coral limestone, where both ammonium sulfate 
nitrogen and dried blood nitrogen were supplied, we have, as a general average 
over the entire incubation period of 5 months, an increase of 281 per cent due to 
sand applications and an increase of 421 per cent due to ground limestone 
applications. From these figures a simple ratio shows that, when lime avail- 
ability is measured in the soil by enhanced nitrification, 1 ton of th% finely- 
ground limestone is practically equivalent, in neutralizing soil acidity, to 1*5 
tons of the best grade of coral sand. 

REFERENCES 

(1) Burgess, P. S. 1917 A study of the principal plantation soil types as found on the 

Island of Hawaii. Hawaiian Sugar Planters’ Assn. Exp. Sta. Bui. 45. 

(2) Lipman, C. B., and Sharp, L. T. 1912 Studies on the phenoldifulphonic add method 

for determining nitrates in soils. Univ. Cal. Pub. Agr. Sci., v. 1, no. 2. 

(3) Potter, R. S., and Snyder, R. S. 1915 Determination of amino acids and nitrates 

in soils. Iowa Agr. Exp. Sta. Research Bui. 24, p. 340-342. ' 
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The authors of this paper suggested in an earlier publication 1 the use of 
sulfur as a means for making available the phosphorus in ground phosphate 
rock. They showecfthat ground sulfur may be used successfully for this pur- 
pose. Experiments conducted since then have confirmed the earlier results 
and will be reported at a later date. It is the purpose of the authors to 
record in this paper the results secured in vegetation experiments from ground 
phosphate rock otherwise untreated, from ground phosphate rock previously 
composted with sulfur, and from acid phosphate. In arranging for these vege- 
tation experiments, it was felt that the availability of the phosphate rock 
previously composted with sulfur should be demonstrated not merely by chemi- 
cal tests, but also by actual tests with plants. Accordingly, quantities of 
ground phosphate rock (floats), ground phosphate rock previously composted 
with sulfur, antacid phosphate, containing equivalent amounts of phosphorus, 
were used in the pot experiments described in the following pages. The 
experiments were carried out by means of glazed earthenware pots of 1 gallon 
capacity. In the series in which cabbage was grown, however, 2-gallon pots 
were used. In each pot there was placed 10 pounds of white quartz sand and, 
in addition, 5 gm. of calcium carbonate, 1 gm. of potassium sulfate, 0.25 gm. 
of magnesium sulfate, 0.12 gm. of ferric sulfate and 1.5 gm. of sodium nitrate. 
In order to eliminate sulfur as a limiting factor, pots 1, 2, 3 and 4 in each series 
received additions of calcium sulfate equivalent in amount to that contained 
in the sulfur-floats mixture. The additions described above provided, there- 
fore, all of the essential plant-food constituents except phosphorus. The 
special treatment consisted of applications of no phosphorus in pots 1 and 2 
of each series; of ground phosphate rock in pots 3 and 4 of each series , of ground 
phosphate rock and sulfur previously composted in pots 5 and 6 of each series, 
and of acid phosphate in pots 7 and 8 of each series. The amount ok phos- 
phorus actually furnished was equivalent in each case to that contained in 1 gm. 
of floats,. The fertilizer materials were added to the 10 pounds of sand used 
in each pot and thoroughly mixed with the sand in a flat pan before they were 
transferred to the pots. However, in the series in which cabbage was grown, 

1 Lipman, J. G., McLean, H. C., and Lint, H. C., 1916. Sulfur oxidation inland its 
effect on the availability of mineral phosphates. In Soil Sci., vol. 2, no. , p. 
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20 pounds of sand and double quantities of the different fertilizer materials 
were employed. There were, in all, 11 series of 8 pots each. The crops 
grown in the tests included cabbage, rape, buckwheat, soybeans, com, sorghum, 
barley, millet, turnips, wax beans and alfalfa. The plants grown in each series 
were thinned out to leave the same number of plants per pot. The number of 
these varied with the crop grown. The moisture content was maintained 
during the experiment at about 10 per cent. 

It w r as observed soon after germination that the plants in the pots which 
received no additions of phosphorus, and in those which received additions 
of floats, made very slight growth. On the other hand, the plants in the 
pots which had received additions of floats previously composted with sulfur, 
and in those treated with acid phosphate, made very good growth. After 
several weeks the crops were photographed and harvested. Aftef thorough 
drying, records were made of the dry weights of the plants harvested from each 
pot. These weights are recorded in table 1. After the first crop was harvested, 
the sand in each pot was thoroughly stirred with a trowel and a second 
application of 1 gm. of sodium nitrate was made in order to preclude the 
possibility of nitrogen becoming the limiting factor in production. Without 
further treatment a residual crop wns grown in all but three of the series. The 
residual crops were later harvested, dried and their weights recorded, A 
record also* of these weights appears in table 1. Photographs showing the 
appearance of the plants in three of the series are given in plate 1. 

An examination of the table wall show that the different crops showed 
marked variations in their ability to utilize the phosphorus in the floats. It 
is particularly interesting to note that buckwheat was able to make very good 
growth in pots 3 and 4 in which floats were the only source of phosphorus. 
Also, cabbage and rape were able to utilize the phosphorus of floats to a fairly 
marked extent. On the other hand, turnips, barley, millet, soybeans, wax 
beans, alfalfa, com and sorghum were unable to utilize the phosphorus in 
floats to an appreciable extent. These results indicate a practical application 
in that floats, now unquestionably the cheapest source of phosphorus, might 
be used for the growing of buckwheat, the latter to be turned under as a green 
manure. In this manner, buckwheat might be used as a means for supplying 
phosphorus at a low cost to small grains, com and some of the legumes. 

It might also be noted that’ the floats previously composted with sulfur 
became a very satisfactory source of phosphorus. This was, of course, ex- 
pected, since analyses of the composted mixtures of floats and sulfur showed 
that in a period of 30 weeks most of the phosphorus in the floats had become 
available, according to the method of the Association of Official Agricultural 
Chemists. It will be observed that, in the case of the rape, turnips, buck- 
wheat, barley, millet, soybeans, wax beans and sorghum, the floats-sulfur 
compost was as effective as the acid phosphate. Where these crops were 
followed by residual crops, viz., millet, com and sorghum, the floats-sulfur 
compost also showed up to good advantage. On the other hand, in the case 
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TABLE 1 

The- influence of treated phosphates on Ike yields of dry matter 


i 

TREATMENT 

FIRST CROP 

RESIDUAL crop 

TOTAL 
INCREASE 
jVER CHECT 
—BOTH 
CROPS 

Weight 

of 

crop | 

Average 

Increase 
over check 

Weight 

of 

crop 

Average 

Increase 

over 

check 

* 

Cabbage 

Coro ] 




grams 

grams 

grams 

grams 

grams 

grams 

grams 

i 

Check (no phosphorus) 

1.50 



3.40 




2 

Check (no phosphorus) 

1.10 

1.30 


4.00 

3.70 



3 

Raw rock phosphate 

4.25 



4.20 




4 

Raw rock phosphate 

3.40 

3.83 

2.53 

3.75 

3.98 

0.28 

2.81 

5 

Compost 

9.35 



17.00 




6 

Compost 

6.30 

7.83 

6.53 

19.40 

18.20 

14.50 

21.03 

7 

Commercial acid phosphate . . 

11.55 



| 39.25 




8 

Commercial acid phosphate . . 

13.03 

12.29 

10.99 

40.75 

40.05 

36.35 

47.34 


Rape 

Millet 

1 

1 

Check (no phosphorus) 

1.20 



0.20 




2 

Check (no phosphorus) 

4.90 

3.05 


0.85 

0.53 



3 

Raw rock phosphate 

3.85 



0.35 




4 

Raw rock phosphate 

6.70 

5.28 

2.23 

1.25 

0.80 

0.27 

2.50 

5 

Compost 

8.50 



9.20 


* 


6 

Compost 

8.90 

8.70 

5.65 

8.15 

8.68 

8.15 

13.80 

7 

Commercial acid phosphate , . 

8.46 



9.85 




8 

Commercial acid phosphate . , 

8.35 

8.41 

5.36 

10.00 

9.93 

9.40 

14.76 


Turnips 


1 

Check (no phosphorus) 

0.25 



0.40 


2 

Check (no phosphorus) 

0.25 

0.25 


0.40 

0.40 

3 

Raw rock phosphate 

0.70 



0.60 


4 

Raw rock phosphate 

0.50 

0.60 

0.35 

0.60 

0.60 

5 : 

Compost 

9.75 



7.50 


6 

Compost 

10.40 

10.08 

9.83 

7.25 

7.38 

7 

Commercial acid phosphate . . 

10.80 



9.00 


8 

Commercial acid phosphite . . 

9.25 

10.03 

9.78 

9.00 

•I 

9.00 


Buckwheat 


Check (no phosphorus) 

Check (no phosphorus) 

5.20 
5.40 

12.20 

5.30 


0.30 

0.25 

2.85 

0.28 


12.90 

12.55 

7.25 

1.60 

2.23 

Compost. . 

13.40 



8.55 


Compost 

13.80 

13.60 

$.30 

10.25! 

9.40 

Commercial acid phosphate . . 
Cbmmercial acid phosphate . , 

14.00 

14.80 

14.40 

9.10 

11.50 

10.75 

11.13 


0.20 

6.98 

8.60 


Millet 


1.95 

9.12 

10.85 


0.55 

16.81 

18.38 


9.20 
it. 42 
19.95 
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TABLE 1— (Continued) 


i 

D 

Z 

treatment 

FIRST CROP 

RESIDUAL CROP 

TOTAL 
INCREASE 
OVER CHECK 
— BOTH 

CROPS 

Weight 

of 

crop 

Average 

Increase 
over check 

Weight 

ot 

crop 

Average 

Increase 

over 

check 


Barley 

Corn 




grams 

grams 

grams 

grams 

grams 

grams 

1 

grams 

1 

Check (no phosphorus) 

1.05 



3.50 




2 

Check (no phosphorus) 

1.10 

1.08 


2.75 

3.13 



3 

Raw rock phosphate 

1.55 



3.20 




4 

Raw rock phosphate 

1.25 

1.40 

0.32 

3.15 

3.18 

0.05 

0.37 

5 

Compost 

7.60 



6.25 




6 

Compost 

8.05 

7.83 

6.75 

4.25 

5.25 

2.12 

8.87 

7 

Commercial add phosphate . . 

8.00 



6.80 




8 

Commercial acid phosphate . . 

7.80 

7.90 

6.82 

5.70 

6.25 

3.12 

9.94 


Millet 

Sorghum 


1 

Check (no phosphorus) 

0.35 



0.65 




2 

Check (no phosphorus) 

0.45 

0.40 


0.75 

0.70 



3 

Raw rock phosphate 

0.55 



0.90 




4 

Raw rock phosphate. . 4 

0.60 

0.58 

0.18 

0.90 

0.90 

0.20 

0.38 

5 

Compost 

16.00 



2.75 




6 

Compost 

14.55 

15.28 

14.88 

1.50 

2.13 

1.43 

16.31 

7 

Commercial acid phosphate , . 

15.20 



2.10 




8 

Commercial acid phosphate . . 

15.30 

15.25 

14.85 

0.75 

t 1.4 3 

0.73 

15.58 


Soy Beans 

Corn 


1 

Check (no phosphorus) 

9.80 



3.08 




2 

Check (no phosphorus) 

10 15 

10.48 


4.60 

3.84 



3 

Raw rock phosphate 

8.90 



4.35 




4 

Raw rock phosphate 

10.95 

9.93 

(-0.55) 

3.95 

4.15 

mwn 

oral 

5 

Compost 

27.70 



10.35 




6 

Compost 

25.50 

26.60 

16.12 

12.15 

11.25 

7.41 

23.53 

7 

Commercial acid phosphate . . 

24 10 



iHE 




8 

Commercial acid phosphate. . 

24.50 

24.30 

13.82 

12.30 

11.75 

7.91 

21.73 


Wax Beans 


Millet 

i 


1 

Check (no phosphorus) 

7.70 



0.35 




2 

^heck (no phosphorus) 

7.50 

7.60 


0.35 

0.35 



3 

^aw rock phosphate 

6.70 



0.85 




4 

Raw rock phosphate 

9.10 

7.90 

0.30 

0.65 

0.75 

0.40 

0.70 

5 

Compost 

12.20 



7.00 




6 

Compost 

12.60 

12.40 

4.80 

4.00 

5.50 

5.15 

9.95 

7 

. Commercial add phosphate . . 

13.10 



6.00 


• 


8 

Commercial acid phosphate . . 

12.30 

12.70 

5.10 

6.25 

6.13 

5.78 



10.88 


+ 
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TABLE 1 —(Concluded) 


jj 


FIRST CROP 

RESIDUAL OtOP 

TOTAL 

INCREASE 

VER CHECE 
— BOTH 

chops 

TREATMENT , 

Weight 
of / 
crop 

Average o 

Increase 
ver check 

Weight | 
of \A 
crop 

I 

tverage 

0 

nertase 

over 
check ! 


Alfalfa 





grams 

grams 

grams 

grams 

grams 

gromi 

grams 

1 

Check (no phosphorus) 

0.20 







2 

Check (no phosphorus) 

0.15 

0.18 






3 

Raw rock phosphate 

0.18 







4 

Raw rock phosphate 

0.15 

0.17 1 

(-0.01) 





5 

Compost 

1.80 







6 

Compost 

1.75 

1.78 

1.60 





7 

Commercial acid phosphate. . 

4.30 







8 

Commercial acid phosphate. 

4.30 

4.30 

3.12 1 







Cora 




1 

Check (no phosphorus) 

3.00 







2 ! 

Check (no phosphorus) 

2.40 

2.70 






3 

Raw rock phosphate 

3.35 







4 

Raw rock phosphate 

2.80 

3.08 

0.38 





5 

Compost 

10 70 







6 

Compost 

11.50 

11.10 

8.40 



* 


7 

Commercial acid phosphate. . 

14.80 







8 

Commercial acid phosphate. 

13. 6C 

i 14.20 

i 11.50 







Sorghum 



1 

Check (no phosphorus) 

0. 7( 

) 



1 



2 

Check (no phosphorus) 

0.4( 

) 0.55 






3 

Raw rock phosphate 

1.2( 

) 






4 

Raw rock phosphate 

0,9< 

3 1.01 

5 0.50 





5 


9.91 

3 






6 

Compost 

12.2, 

5 11.01 

3 10.53 





7 

Commercial add phosphate . 

12.2' 

0 






8 

Commercial acid phosphate . 

. 10.0 

0| 11. M| ll.UU 







of cabbage followed by com, the acid phosphate was distinctly su l* rlo t « 
floats-sulfur compost. The discrepancy in this particular senes » *§£* 
to account for and will be made die subject of further study. Meanffnle 
it is sufficient to state in this preliminary paper that floats | 
with ground sulfur may become a source of available phosphorus, as shown 
both by chemical analyses and by vegetation tests. 


SUMMARY 


1. It has been shown in this * “ S,” 

«££?£££ w* «■* “ «* «*•-» * * 



342 


JACOB G. LIP MAN AND HARRY C. MCLEAN 


valuable green manure and employed to increase the content in the soil of 
organic matter and of available phosphorus. 

3. Ground phosphate rock properly composted with ground sulfur, becomes 
a source of available phosphorus and may be employed to advantage as a 
substitute for acid phosphate. 


Plate 1 

Pot 2, no phosphorus; pot 4, floats; pot 6 , compost; pot 8, commercial acid phosphate. 








THE INFLUENCE OF SODIUM NITRATE UPON NITROGEN TRANS- 
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ITS AVAILABILITY AND THAT OF OTHER NITROGENOUS 
MANURES 

DAVID A. COLEMAN 

From the Department oj Soil Chemistry and Bacteriology : Rutgers College 1 

Received for publication, May 1, 1917 
FOREWORD 

For a proper understanding of our subject it is necessary at the outset to 
realize the conditions and factors influencing plant growth. Plant nutrition 
is a complicated process, due to the fact that plants synthesize their own 
plant-food from various substances taken out of the air and soil. These 
. materials consist of carbon dioxide, water, oxygen, and suitable compounds 
of nitrogen, phosphorus, potassium, sulfur, calcium, iron, and, to a less extent, 
manganese and silicon. 

Aside from the variations in the feeding of the plants, per se, the forces 
which affect the nutrition of plants may be designated as chemical, physical 
and biological. 

Soils are chemically unlike because of their varied origins and processes of 
formation. The product of disintegrated rock and decayed vegetable matter, 
they partake of the nature of the materials from which they are formed. 1 he 
natural processes of rock disintegration, uneven weathering of rocks of vary- 
ing types, combined with the mechanical and chemical action of water, etc., 
have rearranged, sifted, and sorted the various materials once distributed 
with some uniformity into soils of many different types. Moreover, not only 
do they contain mineral plant -foods in sundry combinations, but also air, 
water and heat. The prope Aeration of the soil, its adequate food supply, 
its warmth, are as essential to plant growth, as is fertility, using the word 
in the narrower sense. They contribute to its development in that they are 
among the agencies at work in the preparation of available plant-food. The 
relationship of soil air in opening up the soil and rendering it permeable to 
water; the relationship of water to solution, and of heat to ease of solution, 
are very potent factors in soil fertility. A dense and compact soil being slowly- 
penetrable by water yields its plant-food slowly and successive crop growth 
does not occur. Per contra, from a too epen soil the water rapidly removes 
such plant-food as is soluble and the crop starves. 

1 Presented to the faculty of Rutgers College in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy. 

sort SCIENCE, VOL. IV, no.- 5 
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The countless myriads of microorganisms in the soil are important factors 
in plant nutrition. The modern concept of the soil is that it is a living entity 
rather chan a dead mass, a work shop in a store house, wherein microscopic 
forms are actively transforming the complex raw materials of the soil into 
simple forms suited for plant-food. Since their function viewed from the 
standpoint of soil management is the development of plant nutrients in the 
soil it follows that soil conditions which favor their growth enhance, and such 
as retard their multiplication lessen, the crop-producing power of the soil. 

The climatic vagaries which are most apt to be harmful are the lack or 
excess of moisture. Moving through the soil column of varying depths and 
structure, the amount of this material supplied to plants, as well as the rate 
at which it is furnished, is of considerable importance to the maintenance of 
crop yield, regulating as it does the assimulation of food through the roots 
of the plants. 

Of the plant-foods above mentioned, nitrogen is probably the most affected 
by these physical-chemical-biological forces. Because of the meager supply 
of this element in the soil and its Jrgent need for the rational feeding of plants, 
a knowledge of the influences that these forces exert on nitrogen transforma- 
tions in soils is of considerable significance. 

The economic problem of the nitrogen feeding of plants is of vital impor- 
tance ami becomes more and more urgent as time goes on and populations 
increase, and their needs become more complex. The physical and chemical 
influences which regulate the value of nitrogenous manures have been studied 
in detail by numerous investigators. The biological phase has been touched 
upon at various times. 

It is the purpose of this thesis to consider, under a wide range of conditions, 
the biological phase of the soil nitrogen problem ; noting' the effect of fertilizer 
applications upon nitrogen transformations in soils in the hope that a more 
proper understanding may be reached with regard to the action of certain 
fertilizers frequently observed in fertilizer practices. 

INTRODUCTION 

Nitrogen, the plant-food element of the greatest significance in the nutri- 
tion of plants, is fast becoming a limiting factor in crop production. With 
the increase in the world s population new efforts have been constantly put 
forth to raise more and larger crops. Consequently, the soil’s nitrogen supply 
is being slowly but surely exhausted and means for its replenishment must 
assume consideration in the working out of soil problems. 

As is well known, there are two main methods by which the nitrogen balance 
in the soil may be maintained, i.e., the growing of legumes, which when in 
symbiotic relationship with Bacillus radicicola add considerable quantities of 
nitrogen to the soil, and also the use of nitrogen-carrying materials of dif- 
ferent kinds. With the possible exception of the nitrogen which may be 
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brought down in the snow and rain, and that fixed by non-symbiotic nitrogen- 
fixing bacteria in soils with proper energy relations, these two above-men- 
tioned agencies are practically the only ones now available in keeping up the 
nitrogen supply of the soil. 

A considerable amount of data has been submitted to show the value of 
legumes in adding nitrogen to the soil. The experiments, in the main, recom- 
mend the growing of legumes more often than is now practised, in order that 
the nitrogen balance be maintained. Unfortunately, our present economic 
conditions do not allow us to do this very conveniently, the ordinary three, 
four and five-year rotation, with a legume once in this period, being the 
common practice. It would seem, moreover, that the crop immediately 
succeeding the legume would be the one benefited most advantageously. In- 
deed, those crops some distance from the legume, in general, are often left 
nitrogen-hungry. 

Necessarily, then, we must look to the second source for supplying us with 
this most valuable element of plant nutrition. In this country there is spent 
annually some $32,000,000 for combined nitrogen, this represents a large 
outlay of money and well merits the most careful attention of those who are 
to purchase nitrogen-carrying materials. 

In choosing his source of combined nitrogen the purchaser has a wide 
variety of materials to select from, such as the mineral nitrogen clmers 
NaN0 3 , (NH 4 ) 2 S0 4 , CaCN 2 , apd Ca(NO s ) 2 -the ammoniated superphos- 
phates, and the organic materials, of which dried blood, fish scrap, farm and 
green manures are representative. 

From our chemical conception of such materials we would expect rather 
marked responses from crops to any equivalent quantity of nitrogen in the 
above-cited materials. Necessarily then, one cannot be too circumspect 
in choosing the material which would net him the greatest return for the 
money invested. 

PART I 


A renew of the literature concerning the availability of nitrogenous manures 

The earliest fertilizing practices probably go back to the time of the 
Romans. Kimberley (85) in 1839 writes that saltpetre was known and used 
is long ago as the time of Virgil. . Palissy (134) also remarked as early as 
1563, “You will admit that when you bring dung into the field it is to return 
:o the soil something that has been taken away. . 

About 1650 Glauber (49) in seeking for the principle of vegetation set up 
.he hypothesis that it was saltpetre. Finding this material i n the earth 
feared from cattle sheds and applying it to soils, e oun l pr uce 
mormons yields. He likewise concluded that the fertrhzmg value of hair, 
bone, and shoddy was due to the saltpetre it contained. . 

Kimberley (85) also writes of English farmers testing the effect of M rant 
manures as early as 1670 , and likewise quotes experiments down to 1828 . 
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During the second quarter of the nineteenth century England and Europe 
saw the importation of large quantities of guano, nitrate salts and ammonia 
carriers. The results that these fertilizers produced were very astounding 
and greater importations took place, English fanners carried out any num- 
ber of experiments with regard to their value, but like all experiments of this 
time they showed irregularities hard to explain. Moreover, considerable 
opposition was experienced from the teachings of Liebig (99), who preached 
eloquently against their use. Gradually, however, their use became more 
extant in agricultural practices, thereby bringing to the front the fundamental 
question concerning their use, i.e., their efficiency, or availability. 

The prerequisite for such an understanding was a certain advance in chemical 
knowledge, which happily took place. Chemical analyses showed that the 
various nitrogenous manures varied greatly in their nitrogen content, and 
likewise in their fertilizing value. Tables were therefore constructed with the 
values of the manures in the order of their nitrogen content. No value was 
assigned to the character of the nitrogen, it seeming immaterial whether it 
was in the form of nitrates, bones, leather, rape seed or whatnot. 

As experimentation went on, however, it w r as noticed that manures with 
equal nitrogen contents had very different fertilizing values. Guano exceeded 
all others in fertilizing value, and its action was, likewise, more quickly per- 
ceptible than that of any of the other forms supplying the same amount of 
nitrogen; something in the makeup was lacking in the others. Chemical an- 
alysis showed it to be rich in ammonia and since ammonia was already known 
as a plant-food it seemed quite easy to explain the rapid action of guano. 

From this time on then, there w r as a distinction between what Liebig (99) 
called digestible and undigestible plant-food. The former included ammonia 
and nitrates, and the latter those wffiich became available only when the nitro- 
gen was converted into ammonia. 

The fact that they now had a definite -compound which they $ould weigh 
and calculate upon was a distinct advance in the availability question, allow- 
ing extensive experimental investigation. We thus had an unending number 
of field experiments in England and upon the Continent, the various nitro- 
genous materials including NaN0 3 , KN0 3 ,Ca(N0 3 )*, (NH^SO*, (NHOCl and 
a large number of organic nitrogen carriers such as the bloods, fish scrap, rape 
meal, and the guanos being compared as to their value for the nitrogen feed- 
ing of plants. i 

To these early experiments belong the work of Lawes (96) in England, 
Boussingault (15) in France, S. W. Johnson (96) Ritthausen, (153) Kncp, 
(88) Deherain, (24) Maerker, (118) and Ville (201). These investigators, 
testing out the various nitrogenous manures on hundreds of soils, with dif- 
ferent crops and under different climatic conditions, came to the conclusion 
that an equal quantity of nitrogen in the form of nitrates was better than 
the same quantity of nitrogen as ammonia, and this in turn was better than 
an equal quantity in organic forms. 
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However, there is much justifiable objection to this early work. In many 
cases no provision was made for the elimination of all but one limiting factor. 
Uniform soil conditions and the presence of an abundant supply of mineral 
plant -foods, were lacking in many instances, making the results open to 
question and criticism. 

In 1881 Wagner (209) was led to propose the elimination of the cumbersome 
field trials and substitute for them pot and cylinder experiments. These 
methods of study, he argued, would allow of the more perfect control of the 
various factors in crop production. The tenability of his claims was only 
too apparent and thus we see the development of pot and cylinder experiments 
on a large scale by investigators the world over. 

Wagner (208) himself carried out an immense amount of research on the 
nitrogen feeding of plants, directing especial attention to the value of nitrate 
of soda as a nitrogenous manure in comparison with a large number of fer- 
tilizing materials. His work entailed a study of the recovery of the nitrogen 
applied in different forms by numerous crops, among which may be cited rye, 
barley, oats, winter wheat, mangolds, spring wheat, mustard, carrots, pota- 
toes and sugar beets; and under numerous soil conditions such as moisture, 
temperature, reaction and physical and chemical composition. 

As a general thing he found in round numbers that out of every 100 parts 
of nitrogen supplied to the crop in the form of nitrate of soda, 70 parts were 
returned in the crop, whereas, with ammonium sulfate from the same 100 
parts applied, he found returned in the crop 56 parts. This recovery, how- 
ever, varied slightly with his crops; root crops or those crops having a long- 
growing season giving a higher recovery than short-season crops. His nitro 
gen returns in fertilizing oats were 74 parts, with rye 61, wheat 60, barey 
64, mustard 55, rape 57, flax 77, potatoes 90, and carrots 91, when 100 parts 
of nitrate of soda were used. Similarly when ammonium sulfate was supplied 
out of every 100 parts there was returned in oats 61, rye 56, barley 54, mustard 
51, rape 39, flax 64 and carrots 72. His recoveries with &e other organic 
manures were correspondingly smaller, varying with the quality o t e mater 


ials supplied. , , , . , , . 

Taking into considenftion all of the {actors which would be involved in 
the action of these manures, such as a deficiency of lime in t e case o am 
monium salts, liability to leaching of nitrates, the gradual action of organic 
manures, which is quite desirable in some cases he worked out a table of 
efficiencies giving the recovery from nitrate of soda a va ue o . 
his other figures upon this he gives for ammonium sulfate a value of 90, 
dried blood a value of 70, manure 45, and wool and leather 30 and 20, _ 
spectively. Checking his pot and cylinder experiments agaim fieW tmk 
with the same fertilizers he obtained the same on* an <* «■* ^ f 
his relative values became somewhat lower. In his 
sulfate was assigned a value of 75 instead of 90, as was oun '“ s 
As reported in another publication (211) he repeated h,s first researches 
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in 34 distinct experiments on 9 different soils and came to practically the 
same conclusions as he had previously reached. 

However, in giving out these values he warns against generalizing too far. 
Organic nitrogen, he argues, cannot always be substituted for nitrate nitro- 
gen, and conversely, nitrate nitrogen can not always replace organic nitrogen. 

A vast amount of research has taken place since Wagner (209) first sug- 
gested his principles for studying the values of fertilizers. Some of the more 
important contributions are summarized in the following pages, particular 
attention being paid to the investigations of the last twenty years. For the 
sake of coherency the literature is summarized in groups which take up in turn: 
(l)the relative ability of (NH^SCh; (2) the value of the new synthetic manures 
CaCN 2 and Ca(N0s)2; (3) the efficiency of the higher grade organic materials— 
dried blood, rape meal, cottonseed meal, etc., and (4) the lower grade nitro- 
gen carriers — animal excrement, wool waste and the like. 

Following closely upon the publication of Wagner and Dorsch’s (208) work 
in 1892 we find Grandeau and Bertman (52) reporting along similar lines from 
France. In a field experiment for the seasons .1892-1897, growing com, 
oats, wheat and potatoes, they compared the relative values of NaNOs, 
(NH 4 ) 2 S 04 and dried blood, and assigned for them the figures 100, 82,90 and 
71.30. 

A year later, Thome (192) in a 2 year field experiment compared NaNOs 
and (NH 4 ) 2 S0 4 on a rotation of com, oats, wheat and clover and reports a 
slightly higher value, namely 84, for (NH^SCfi. 

In 1900, Warington (215) in speaking of the fertilizing experiments at 
Woburn ahd Rothamsted said that for cereals (NH^SCfi had a value of 93, 
for hay 88, for mangels 82 and for turnips 100 when the action of an equiva- 
lent quantity of NaNO s is valued at 100. 

Pfeiffer (141), in the same year, Reports as a result of a 3-year pot experi- 
ment with oats, mustard, and carrots as the crops, that (NH^SO* should 
be valued at 87 if NaN0 3 is to be valued at 100. 

Von Feilitzen (35), concludes from seven trials with (NFL^SCfi in moor 
soils that it should have a value of 91. In one trial with barley in a loam 
soil he got a value of 75, and with rye on a sandy Ifiam he obtained a value 
of 75 also. 

Von Sigmond (204) published the results of his pot-experiments in 1904. 
Using a poor sandy well "well provided with lime he secured an availability 
of 90 for (NH 4 ) 2 S0 4 when wheat, rape and buckwheat were grown. 

Krietschmer (93), reporting cooperative experiments from the Bonn, 
Bemberg, Halle and Koslin Stations in Germany by the Wagner (209) method, 
confirms in general the latter’s conclusions, although noting some exceptions. 

As a result of pot experiments comparing the relative values of sodium 
nitrate and ammonium sulfate for the oat crop, Steiglich (J 7 8) would assign 
ammonium sulfate a value of 95, Sjollema (173), 95, Hansen (61), 91, Soder- 
baum (175, 176, 177), 8&-95, Schreiber (168), 77 and Siebelien (172), 59.5. 
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For the wheat crop Vauha (200) reports a value of 96 and Soderbaum (175, 
176, 177), 88. Likewise Berry (9), Behrens (6), Kuhnert (95), Liebenberg 
(98), and Schneidewind (164, 165, 166), all report greater values for sodium 
nitrate than ammonium sulfate for the growth of small grains. 

As a fertilizer for com and carrots, Schreiber (168) values ammonium sul- 
fate at 77. In limed soils, however, he raises this value to 81. 

Reporting the results of five years of experimentation at the Danish Experi- 
ment Stations, Hansen (61) concludes that for root crops ammonium sulfate 
should have a value of 71. 

Somewhat higher results, on the other hand, were obtained by VanHock 
(198), in the Netherlands. This author finds a value of 99.5 for sugar beets, 
and for grains a value of 97.5. For potatoes (NH^SO* gave him better 
results on peat soils, but on the other types of soil NaNOn was superior. 
Vauha (200), on the other hand, found a value of 66 for root crops, while Von 
Feilitzen (35) gives it a value of 86 for these crops. Grieg (56) and Schmoc- 
ger (162) also found NaN0 3 superior to (NaJaSC^ for potatoes. Malpeaux 
(121) in testing the effect of these two fertilizers on mangels reports the test 
results from the fertilization with t NaN0 3 . 

In a series of field experiments at the Maryland Agricultural Experiment 
Station, Patterson (137) states that (NHjtSOi has not given as good results 
as NaN0 3 under any conditions. At Rhode Island Wheeler (220) found that 
the action of (NH^SO* was greatly accelerated by the presence d lime. 
This is likewise the experience of the Pennsylvania Statu n (221). Regard- 
ing the influence of lime upon the action of (NHjsSO*, Graudeau (51) says 
that from his work he would give it a value of 80 in unlimed soils, in* moderately 
limed soils 86, but in heavily limed soils a much lower figure, 63, due no doubt 
to the loss by volatilization. 

Perhaps the most authoritative work in this country on the subject of 
availability has been carried out at the New Jersey Agricultural Experiment 
Stations. This work was started by Voorhees and Lipman (205) in 1898, 


and is in operation at the present day. 

In a 15-year cylinder experiment, with three 5-vear rotations of com, oats 
2 years, wheat and grass, Voorhees and Lipman (205), and very recently Lip- 
man and Blair (107) have found that by giving NaNO s a value of 100, 
(NH|)£Oi should be valued at 65. The fact that this experiment has been 
running for so long a period and has been carried out under such a diversity of 
conditions should establish it as one of the most authontative m the world 


on the availability question. . 

Others who have contributed to the availability question shown* the su- 
periority of NaNOs over (NHJSO, are Bassler (5), Petermami ( 39), Hasselho 

(66, 67), Eckenbrick (30), deGrazia (54), givefLlts 

It is not difficult, to find experiments where (NH,),S . g 

T"; Z 'jSi -a - — (NH ‘ , ’ S0 ‘ 



352 


DAVID A. COLEMAN 


gave him better results than NaNCb. Kelley (80), Kellner (84), Trelles 
(194), all report the better action of (NH*) 2 SO, in the growing of rice. 

Popisilki’s (142) work shows the same general phenomena, as well as that 
of Kleberger (86), von Feilitzen (35) Kreitschmer (93), namely, that on open 
sandy soils in climates of abundant rainfall, (NH^SO* is liable to give better 
returns than NaN0 3 . 

Clausen (18), Wehnert (219), Bachmann (4), Suchting (187) Soderbaum 
(175, 176, 177), Lilenthal-Guethin (100), Orchimkov (132) and Wein (216, 
217), all report (NH*)jS0 4 equal or superior to NaN0 3 in its action. 

These numerous experiments with (NH^SO* show a wide range of returns, 
in some cases going above, sometimes below, and in other cases equal to 
NaNOs. We may, with propriety, inquire into the underlying causes of such 
results. 

In attempting to explain such phenomena Wagner (208) considers the 
presence or absence of lime of the greatest importance. In one of his experi- 
ments he found that without lime (NlUsSCb has a value of 28, whereas when 
lime was present, this same relative efficiency became 90. This same opinion 
finds credence in the work of Clausen* (18), Bassler (5), Deherain (24), 
Graudeau (51), Hasselhoff (66, 67), Hasselbarth (65), Patterson (137), Wheeler 
(220), Volecker (203), Thome (193), White (221), Lipman and Blair (107) 
and a host of others too numerous to mention. This great necessity of lime 
as an aid to the rapid nitrification of fertilizing materials has also been shown 
in the laboratory by Muntz and Girad (129), Schloessing (160), Withers and 
Fraps (224), Warington (215) and others. A good bibliography concerning 
the influence of lime on the nitrification process may be fouhd in the work of 
Kopeloff (91). 

A second theory to the effect that the inferiority of (NH 4 ) 2 S04 as compared 
with NaNOa finds-support in the teachings of S. W. Johnson (76). This in- 
vestigator believes that the inferiority of ammonium sulfate is due to its be- 
coming fixed in th'e clayey portions of the soil. This view is also held by 
Wagner (211), Pfeiffer (140) and Lohnis (115). Pfeiffer found that, in some 
cases, the ammonia became so securely fixed, to added zeolites of calcium, 
that the plants were not able to use it. 

This explanation is somewhat at a variance with our knowledge of soil nitri- 
fication processes. We know from Dyer’s (29) work at the Rothamsted 
Station that nitrification proceeds very rapidly. In fact this investigator 
writes “the application of ammonium sulfate is in fact virtually tantamount 
to our application of nitrates.” If such be the case very large amounts can- 
not be held very firmly fixed in the soil. 

Yet another theory advanced by such authors as Schneidewind and Meyer 
(164), and Gerlach and Vogel (45), is to the effect that certain plants have 
selective tastes for either nitrate or ammoniacal nitrogen. Again we know 
from investigations of Godlewiski (50), Tacke (190), and Immendorf (74), 
that in the nitrification process there may be a loss of elementary nitrogen. 
If such is the case the differences in availability are easily comprehended. 
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As ammonia and nitrates are quickly transformed into protein forms within 
the microbial cell, we- have yet another explanation for the differences in the 
fertilizing values of the two salts. Being taken out of the system by the 
microorganisms, it may or may not become available again during the current 
growing season. Moreover, the remineralizing of the nitrogen is attendant 
with the same liability to loss as is ammonium sulfate itself. With regard to 
this last-mentioned theory Wagner (211), thinks it is of a minor nature. He 
seems to be supported in his contention by the work of Vogel (202). Con- 
trary to this, however, are a number of experiments to show that soluble forms 
of nitrogen are readily assimilated when suitable energy relations are present. 

In this connection one may cite the works of Biereima (10), Doryland (27), • 
Stocklassa (179), Lutz (117), Stutzer and Rothe (186), and Kruger and 
Schneidewind (94). 

Lemmermann (97) and his collaborators have shown that slight losses of 
ammonia occur in soils treated with heavy applications of lime and ammonium 
sulfate. They are of the opinion, however, that under practical field conditions 
this will not happen. Hall and Miller (60) found that more ammonia col- 
lected in vessels containing acid when placed over fields recently manured with 
ammonium sulfate, than on the untreated plots. Ehrenberg (32) records that 
when large quantities of ammonium sulfate and calcium oxide are applied to 
soils there are considerable losses by volatilization, varying with the wind. 
Potter and Snyder (143), in reviewing this literature, state that the results 
are conflicting and proceed to show that under ordinary field conditions ap- 
preciable quantities of ammonia are lost. 

Wagner (208), also points out that applications of mineral nitrogenous 
fertilizers may even entirely fail. It may happen that the peculiar effect of 
the nitrogen taken up by the plant is restricted to an increase of the total 
nitrogen of the crop, without at all leading to an increase in crop yield. It 
is clearly brought out by him that when the soil itself is capable of furnishing 
enough of nitrogen for practically a maximum plant growth, then the addition 
of sodium nitrate or any other soluble form of nitrogen cannot materially in- 
crease the quantity of the produce. 

Summarizing the explanations for the differences in availability between 
sodium nitrate and ammonium sulfate we have: (a) the lack of lime, (b) fixa- 
tion by soil zeolites, (c) selective preference for the source of nitrogen, (d) 
loss of elementary nitrogen in the nitrification process, (e) the transforma- 
tion of soluble nitrogen into microbial protein, (f) loss of free ammonia in soils 
heavily limed, (g) lack of effort due to the soil's own nitrogen supply. 

The instances where ammonium sulfate has shown to better advantage 
than equal quantities of nitrogen in sodium nitrate are not hard to explain. 
We may conceive of conditions which militate against the very advantages 
of sodium nitrate. Its ready solubility, ease of diffusion, renders it readfly 
subject to removal in periods of excessive rainfall. Ammonium salts, on the 
other hand because of the fact that the very valuable portion becomes tern- 
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porarily fixed, is less liable to loss by leaching. Thus on open sandy soils, 
sodium nitrate has been fouhd to give inferior results compared with ammonium 
sulfate if the seasons are wet. Again, on heavy soils, continued one-sided ferti- 
lization with sodium nitrate may leave residues that are detrimental to the 
physical structure of the same. 

Of comparatively recent origin are the newer synthetic nitrogenous manures, 
calcium cyanamid and calcium nitrate. Their recent entrance into the ferti- 
lizer trade has not militated against an accumulation of experimental data to 
attest their value. In reviewing this portion of the availability literature, 
experiments with calcium cyanamide seemed to hold an important place. 

* Wagner (210), who was among the first to experiment with this new fertilizer 
from a result of pot experiments with carrots, oats, barley, fodder and sugar 
beets, on nine different kinds of soils, concludes that it was equal in value to 
ammonium sulfate having a relative availability of about 90. He advises, 
however, that it be applied several days before planting and only upon soils 
in good physical condition. 

In direct contradiction to this is the work of Svoboda (189) and Kuhnert 
(95). Svoboda, testing this manure on the growth of fodder beets and pota- 
toes, obtained absolutely negative results; Kuhnert found in fertilizing sugar 
beets that he obtained a financial loss. With oats he secured somewhat 
better results, but the increase did not pay for the cost of the fertilizer. These 
negative results are no doubt due to the fact that Lhcy used large quantities 
on very poor soils. 

Schneidewiitd (166, 167), Soderbaum (175, 176, 177), Vauha (200), Rhodin 
(150), Urban (197), Rossler (154), Hansen (61), Libenberg (98), Schulze (170), 
Sebelien (172) and Sjollema (174), found somewhat lower values with the use 
of this material. Hansen, Schneidewind, Urban, and Vauha record a value of 
41, 68.5, 86 and 58, respectively, when NaN03 is considered as equal to 100. 
Urban, however, finds that his value fluctuates with the rainfall, reaching 
much lower values in dry Seasons. 

For the oat crop Soderbaum (175, 176, 177) gives a value of 92, for rye from 
44 to 69, and for wheat 61 to 68. Schneidewind (166, 167) gives it a value 
of 89 and Vauha (200) 89 for wheat. Likewise Stutzer (185) and Sebelein 
(172) have also reported experiments to attest the value of Ca(CN) 2 on small 
grains. The former records a value of 82 for the oat crop and the latter 54, 
all the above values being calculated on NaN0 3 as 100. On the other hand, 
Hendrick (70) and Molinari (128) report that Ca(CN)s was as effective as 
(NH^SCb. Others who have reported similar conclusions are Muntz and 
Nottin (130), Uchiyama (196), Rhodin (150), Sjollema and de Weldt (174), and 
Bassler (5). Sjollema (173) reports to a value of 120 for it with NaNOj as 
100 and Bassler rated it at 103* from the results of his work. 

Soderbaum (175, 176, 177) reports that with small and larg^ amounts of 
the fertilizer, he obtained inferior results as compared with NaNO?, but with 
intermediate amounts, 50 pounds per acre, he received better results. 
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As a top-dressing material this fertilizer seems to be very unfavorable. 
Gilchrist (48), Grieg (56), Schultze (170), and Wein (216) all report injurious 
effects from its use for this purpose, due to the very drastic action it has upon 
the foliage. 

A survey of the literature also seems to indicate that some little, time needs 
to elapse between the application of this fertilizer and the planting of the crop. 
Behrens (6), Haselhoff (66), Kahn (78), Knierim (87), Otto (133), Steiglich 
(178), Wagner (210) and Zeilstroff (226) have published work relating to the 
time which should elapse between application and planting. Behrens thinks 
that six days are enough, while Haselhoff goes so far as to advise fall applica- 
tion. Kahn would recommend thirty days in light sandy soils and Knierim, ’ 
Otto, and Zeilstroff recommend from one week to fifteen days. 

Soil conditions also seem to be a much more important factor for the best 
action of this manure than of NaN0 3 or (NH^SO* Immendorf (75) say s it 
is not adapted to acid or light sandy soils. This idea finds confirmation in 
the work of Sebelien (172) who gave it a value of 22 for the mustard crop in 
a light sandy soil. Remy (148) is of the opinion that its most favorable action 
is on day soils. He says that four weeks are necessary to overcome its toxic 
effects. Uchiyama (196) concludes that neutral soils are best and sandy 
soils are very bad for its action. This is especially so in dry seasons Gilchrist. 
(48) reports, and is supported in this respect by Urban (197) and deGrazia (53). 

A summary of the effect of lime nitrogen as reported by various European 
investigators is to the effect that it is not adapted to acid humus, or light sandy 
soils. Its action, however, can be improved on such soils by means of lime, 
the best results being obtained on fine-textured soils, rich in lime and organic 
matter, and well supplied with microorganisms which can convert it into 
ammonia and nitrates. As a general average it would seem that it had a 
fertilizing value somewhat inferior to (NH^SCh, the best results being ob- 
tained with potatoes, the poorest with beets, and intermediate results with 
grains. When bacterial action is deficient dicyansynid if formed which is 
very injurious to plants. If moisture is a factor or lime is deficient ammonia 
is formed by chemical means. Thus the need of a potent soil flora is very 
evident for the success of this fertilizer. 

Calcium nitrate in all possibility occupies a position in the availability table 
similar to that of NaNO s . A number of investigators have reported that in 
soils deficient in lime this fertilizer gives results quite superior to NaN0 3 . This 
seems to have been the experience of Wagner (211) and Stutzer (184, 185), 
in their availability studies on potatoes, oats and sugar beets. Schloessmg 
(161), Sebelien (172), Steglich (178), Schneidewind (166, 16?), Passenn (136) 
Limay (101), Stohr (181) and BeUeroux (8), all conclude that Ca(N0 3 ) 2 is equal 
to NaN0 3 There are some dissentors, Greig (56), Rhodin (151), Hansen (61), 
Dudgeon (28), and Bassler (5) finding that NaNOs gave them the best results. 
Grieg (56) finds that Ca(NO s ) did not give him good results on potatoes and 
Rodin (151) notes that on crops like oats, not requiring lime to any grea 
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extent, Ca(N0 3 )2 was inferior to NaN0 3 . Hansen (61) reports a value of 76 
for roots and 88 for grains. Bassler (5) commenting on its use in moor loamy 
soils for rye and oats, gives it a value of 96 for both crops. Gerlach’s (43) 
field experiments would give it a value of 74, whereas his pot experiments 
value it at 103. Soderbaum (176, 177), also considers Ca(N0 3 ) 2 of less value 
for grains, giving it a value of about 96. Schneidewind (166, 167) and Rhodin 
(151) in later papers give it a value of 96 and 98, respectively. It would seem 
then, taking everything by and large, that this fertilizer is practically equal to 
Na,N0 3 , provided its poisonous principles, i.e., nitrites, are absent. 

The organic sources of nitrogen are as numerous as the experiments record- 
ing them. Under this heading come the effectiveness of the various guanos, 
blood, bone, fish and meat meals, farm and green manures, as well as the 
extremely inert substances such as peat, leather and wool waste. 

In discussing the availability of the guanos Wagner (208) says that fish 
guano has a value of 78 when (NH^SCh is valued at 100. The same author 
gives Dumara guano a value of 91, and Peruvian guano a value of 87. Schneide- 
wind (166) considers animal guano at 67 and Pfeiffer (141) sees in fish guano 
a value of 64. Most of these experiments with guano seem to have been carried 
out with no attention to the fact that this material also contains large quanti- 
ties of phosphoric acid. In this connection might be cited the work of the 
Rhode Island Experiment Station (63) on the phosphoric acid value of different 
guanos. 

Various authors have worked upon the efficiency of farm manures. Ger- 
lach (41) gives stable manure a value of 41, and cow manure 18, when NaN0 3 
is considered at 100. 

Voorhees and Lipman (206) differentiate the values of the different portions 
of manure, assigning a value of 35.9 for solid fresh manure, for the liquid and 
solid together 53, and liquid portion leached 43. Lipman and Blair (107) 
continuing the experiment, have obtained similar figures. 

By means of pot experiments Von Sigmond (204) also obtained data for 
the value of manure in different conditions; calling NaN0 3 100, he gives for 
fresh manure in the spring a value of 49, the same applied in the fall 48, rotted 
manure applied in the spring a value of 42 and for rotted manure applied in 
the fall 58. 

Gilchrist (47) used fresh manure, manure kept long enough to be in good 
applicable condition and old manure stored in a heap for months, and found that 
that which had not been stored too long gave the best results. 

Rudorf (155) gives cow manure a value of 23.3. Maercker (119) who has 
also worked on the availability of cow manure gives it a much lower value 
than this. Pfeiffer (141) gave sheep manure a value of 48.2, horse 29, cattle 
26, and barnyard manure 19.2 when NaNOs was considered as 100. 

Schneidewind (163) in field experiments received a recovery of only 8.13 
per cent of the nitrogen applied in three years. Pfeiffer (141), on the other 
hand, in the course of three years obtained a recovery of 48.4 per cent on 
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the first year with potatoes, 9.8 per cent and 4.3 per cent, respectively, with 
rye and carrots the second year and only 0.8 per cent the third year. He 
recovered in all 63.4 per cent in the three years. His recoveries are abnormal 
however, because of the open sandy soil he employed and an abundant supply 
of lime and minerals. 

A similar experiment is reported by Schulze (171) who gives much lower 
results than those reported above. In a 4-year experiment his total recovery 
was 23 per cent; 43 per cent of this was obtained the first year, 27 per cent 
the second year, 16.63 per cent the third year and 12.6 per cetit the fourth 
year. The crops grown included oats, barley, wheat, rye, ilax, potatoes and 
sugar beets. 

Doiarenko (26) also reports the poor utilization of manure nitrogen, as well 
as Summers (188) in his work on truck crops. 

With regard to liquid manure Mer (125) in comparing urine with (NH^oSO* 
received the greatest profit with small applications. Pfeiffer (141) gives it a 
value of 49 and Hansen (61), regards its fertilizing value as 65 for roots and 


72 for grains. 

The peats have been given considerable attention as a fertilizing material. 
Because of the extensiveness of these reports it seemed advisable to sec just 
what value various investigators ascribed to them. Herman (71), comparing 
rye straw, manure and peat litter and moor peat against no nitrogen, firnb 
that 100 parts of peat nitrogen are as valuable as 2.6 parts of manure nitrogen. 
This would bring peat pretty low in the availability scale. Lipman (111) like- 
wise finds peat to have a low availability, giving it a value of 10 when NaNOs 
is 100. Hoc (72) finds peat nitrogen to be valueless other than on heavy 
soils where it has perhaps a beneficial physical influence. However, some 
investigators seem to think that peat nitrogen can be made available by com- 
posting it with fermenting manures. For references to this practice the author 
calls attention to the work of Johnson (27) and Weiss (218). Turning our 
attention to another class of organic manures, the so-called green manures, 
we note that von Sigmond (204) finds for vetch a value of 78 and for alfalfa 
59. Schneidewind (165) reports peas, beans and vetch to have ^ value of 
52.5 and beet-tops 43, when NaNOs is taken as 100. Wagner (208, 210 2 1 
gives green manures a value of 80. The work at the New Jersey Stations (110) 
values green manures at about 50 to 60, depending upon t e crop. 

The fourth class of nitrogenous materials consists of dried Wood tankage, 
cottonseed meal, meat and fish scraps, etc. Wagner (208 210, 211), con- 
sidering NaNOs as 100, values the nitrogen in blood as 70, that m bone mea 
and dry ground fish at 60, and that of wool waste and leather at 30 and 20, 

ThSts of the long-term cylinder experiment at the New Jersey Stations 
(107) give blood a value considerably below this (0.1. A yet low figum s 
noted by Schneidewind who gives it a value of 5 Von 

his pot work rates dried blood at 72; likewise Rossler (154), and Hart 
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Rhode Island values it at 80 per cent of the value of NaN0 3 . Graudeau(51), 
Thome (193), Johnson (76), all give it a value between 70 and 80 when NaN0 3 
is taken as 100. The other organic manures fall considerably below this and 
should be considered, as nitrogen carriers only under exceptional conditions. 

The lesser efficiency of dried blood and the other forms of organic nitrogen 
as compared with the mineral forms is not difficult to understand. In the com- 
plicated process of decay preceding the formation of ammonia there are many 
conditions under which elementary nitrogen may be formed. The greater 
the resistance to decay, the more prolonged is the ultimate simplification, and 
necessarily the attendant chances for loss increase. In so far as the growing 
crop is concerned, the substances which nitrify more readily will have the 
nitrogen in a digestible form when the plant has need of it, and not at some 
time after growth has ceased. This in itself is a big factor in the working 
out of relatiye values. 

Again the character of the material supplying the nitrogen is of considerable 
importance in determinng its value. Materials of a wide carbon-nitrogen 
ratio in a fresh condition will give less nitrogen to the growing plant than fresh 
materials of a narrow carbon-nitrogen ratio, due to the rapid assimilation 
of nitrogen by soil microorganisms. On the other hand, materials like peat 
and leather will give the crop very little nitrogen because they are so extremely 
resistent to decay. 

Considering the residual values of the mineral manures, as a whole, we find 
that they leave very little residue— their action seems to be spent during the 
season in which they are applied. As proof of this we may consult the work 
of Hall (58), Lipman (107) and others. 

The residual effects of the organic manures may be somewh|t greater, due, 
perhaps, not to the nitrogen supplied but to their influence in improving the 
physical condition of the soil. Rothamsted reports that barnyard manure 
applied 35 years ago still gives evidence of benefiting the plant. A close 
analysis of the conditions, however, shows us that other factors than mere 
residual effects have entered in. 

The lasting effects of manures may not always be desirable. These organic 
substances which change but slowly necessarily produce soluble material after 
the crop has been taken off, which may be removed from the land by fall 
rains and lost to the crop. 

While there is, then, a very considerable range of variation in the returns 
from any given quantity of nitrogen, a more or less definite relation still per- 
sists 'which enables one to classify nitrogenous manures according to the readi- 
ness with which they can enter the plant tissue. From what has been related 
in the text it would seem that there is no longer any doubt as to the superiority 
of nitrate over ammonia salts, which are in turn superior to Ca(CN )2 or any 
of the organic forms. 

This entire question of availability is one of extreme importance in all 
sections where fertilizers are used. Yet, notwithstanding its importance, it 
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is scarcely appreciated by the average user of commercial fertilizers. To him 
quantity is the desideratum, with quality considered very seldom. If he 
would but stop and think of the economic side of the question he would con- 
clude as does Lipman (107) when he says: 


According to the schedule of trade values adopted by the New England Slates anil New 
Jersey in 1915, the nitrogen in ammonia salts is given a value equal to that of nitrate of soda, 
viz. 16.5 cents per pound, the organic matter in mixed fertilizer is valued at 19 cents [>er 
pound, while the nitrogen in fine ground fish, meat, and blood is valued at 2.1 cents per 

pound To state the matter in ‘other terms, if the nitrogen in 100 pounds of 

nitrate of soda is worth $2.25 then its equivalent in ammonium sulfate would be worth ap- 
proximately $1.78 and its equivalent in dried blood would be worth $1.55. The trade values 
however, would make the nitrogen in 100 pounds of nitrate of soda and its equivalent in 
ammonium sulfate, each worth $2.25 and the equivalent in dried blood worth $3.56, the 
latter being more than twice its value as shown by the results of fifteen years of experi- 
mental work. To be sure, under a wide range of field conditions, the result would be less 
disadvantageous to ammonium salts and certain nitrogen plant-foods. 


To the thoughtful person, the questicn must arise as to whether the present 
adjustment is a fair one. The plea is made that nitrate nitrogen is lost by 
leaching, but the results of numerous experiments show that the residual 
effect of (NH4) 2 S0 4 is no greater and that of dried blood only slight. Also, 
the residual effects from farm yard manures are entirely spent after the third 
year, and if much money is tied up in such fertility it is not an economic 
success. Even it if is granted that on certain sandy soils nitrates are lost 
in the leaching, stiff the higher returns would point to the advisability of using 
it, in smaller, and more frequent, applications. 

It will be seen from the above review also that different investigator ob- 
tained recoveries from any given fertilizer that were far from constant. 
Varying proportions of the nitrogen applied being returned in the crops. That 
is to say, the readiness with which the nitrogen of the applied fertilizer is trans- 
formed into plant tissue seems to be influenced by factors which we may caU 
external and internal. The internal factors F rtain to the mechanical and 
chemical composition of the nitrogenous manure and are entirely apart from 
the character of the medium in which the decomposition takes place, or 
instance, it was seen that in the same soil and under the same c imatic con 
tions the nitrogen in manure was more available than that in peat, °f e JJ 1 r “ 
gen in blood was more efficient than that of the manure It need hardly be 
added here, that the internal factors cannot be controlled as readily as he 
external factors. However, the latter factors the farmer has some 
of controlling. He has it in his power to modify moisture, temperature and 
aeration conditions sufficiently to hasten decomposition processes 
crease in a large measure the solubility of the mt^oiB mtemb prerent 
in, or added to the soil. The work of Wagner (20 , 210, 
von Sigmond (204), Lipman and Blair (107), Voorhees and Lipman (205 , has 
intimated that the reason why more or less of the applied nitrogen is re 
to the crop is because of the differences in crops themselves, m them root 
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systems, in growing season, etc, Wilfarth, Romer and Wimmer (222), on the 
other hand, would have us believe that the lessened recovery is due to losses 
entailed in metabolic processes. 

Again, the work of Tucker and von Seelhorst (195) has shown us that the 
moisture supply is very important for maximum recoveries of nitrogen and 
increased crop growth. In a series of pot experiments where they added 0.5 
gm. of nitrate of soda to a soil in combination with the other essential plant- 
food elements, they found that they got no increase in a crop of oats when 
only a little water was supplied, the supply of nitrogen in the soil being sufficient 
for the crop needs, the water and not the nitrogen being the limiting factor. 
When more water was added the plant made growth and utilized the nitrogen 
supplied, the added nitrogen, in this case 0.5 gm., increasing the crop 10 grams. 
One-half gram more of NaNOs was then added, but was without effect, the 
water again being the limiting factor. More water was then applied to the 
pot containing the first 0.5 gm. of NaNOs and the crop yield was increased to 
20 gm.; but this does not represent the whole possibility because the applica- 
tion of the second 0.5 gm. of NaNOs gave a still further increase of 15.5 gm. 
Perhaps, then, the moisture conditions in the soils were a factor regulating the 
amounts of nitrogen recovered by the crop. However, the presence of a too 
generous supply of moisture may create conditions favorable to denitrification. 
For a review of the literature and discussions of this phase of the availability 
question, one is referred to the work of Voorhees (205) and Lipman and Blair 
(107). With regard to the loss of nitrogen by leaching and its bearing upon 
the availability question, much has been said and written. 

The data of the most wide-spread knowledge were collected by investiga- 
tors at the Rothamsted Station (57). By means of lysimeters, with which 
they were able to tap the soil column at any desired depth, they have 
found what they believe to be an average loss of 30 pounds of nitrogen per 
annum. 

Collison (22) at the Florida Station, however, by means of his lysimeter work, 
has just recently recorded enormous losses of nitrogen per acre per annum. 

McGeorge (123) at the Hawaii Station concludes from his laboratory experi- 
ments that the sodium nitrate, not being absorbed by Hawaiian soils, is very 
liable to be lost in the drainage waters, rfowever, it must be brought to the 
reader’s attention that the conditions of his experiment are so manifestly 
artificial that their application to actual field conditions is not tenable. The 
fact that large losses of phosphate and potash salts were found, under the con- 
ditions of his experiment, would substantiate this. In his work the possibility 
of soluble salts rising again to the surface by capillarity were entirely eliminated 
by his method of studying the problem. That this is an important item can 
be seen from the experiments of Malpeaux and Lefort (120) who found that 
quantities of sodium nitrate placed at a distance of 1 meter under the surface 
of the earth, reached the upper 6 inches of surface soil in less than 6 weeks. 
This same criticism may apply also to the work of other investigators (22, 57). 
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Hall (57) likewise states, 

On the Rothamsted soil ammonium salts are not retained as such for more than the 
season of application, nor are the nitrates resulting from them able to return to the surface 
to feed the succeeding crop. On other soils of better texture for allowing the movement 
of water by capillarity there can be no doubt that the nitrates in the subsoil will return to 
the surface and be of service to the crop. 


This corroborates the statement of Malpeaux and Lefort (120). 

Collison’s (22) figures on the enormous loss of nitrates by leaching are open 
to two criticisms^ First, it seems to the writer hardly justifiable to tap the 
root zone at the point which he did and call the drainage obtained at this 
point lost to further crop growth. It has been shown by Miller (126) in a 
study of the root systems of agricultural plants, that many roots reach the point 
at which these investigators tapped the soil water, and are able to use the 
plant-food tabulated as lost. Furthermore, the conditions under which the 
soils were placed in the tanks allow of a very rapid nitrification of the soil 


organic matter, as has been shown by Deherain (25), and consequently the 
losses recorded are many times more magnified than would actually be the case. 

Hall (57) also seems to show that the movement of nitrates in the ground 
is not as rapid as is generally supposed; i.e., nitrates in the ground water of 
treated plots did not mingle with those of the non-treated. 

Moreover, it is a question in the writer’s mind whether the figures repre- 
senting losses of nitrates by leaching are truly representative of the facts. 
If we should consider the total drainage of the rivers of the world (17) we 
should find that there is annually deposited into the ocean some 24,614 X 10 1 
metric tons of NO 3 per annum, or 5,513 X 10 s metric tons of the element 
nitrogen. As this amount of nitrogen comes from a drained area of 40,000,000 
square miles, calculated to the acre basis this loss would become very little 
indeed, i.e., 4 pounds per annum. 

However, it cannot be denied that nitrates are susceptible of being driven 
down to the lower depths of the soil by means of copious rains and by the time 
they rise again to the surface are of little use to the crop that season. This, of 
course, would be reflected in availability studies. The question might also 
be raised as to whether the irregular recoveries obtained by the numerous in- 
vestigators is due to purely physiological causes or whether it may «possibl> 


be effected by bacteriological activities. 

A survey of the literature will show us that mineral salts applied to the soil 
increase to a large extent the already large host of soil microorganisms. 
We also know from the investigations of Caron (16), Stocklassa and Ernst 
(180) that the bacterial population under any specific crop is variable. Mora- 
over, the extensive researches of Biereima (10), Hutchinson and Marr (73) 
Lutz (117), Lipman and Brown (112), Lbhnis (114), Ritter (152), Stutzer and 
Rothe (186) and Vogel 202 ) have indicated that such substances as NaNCH, 
Ca(N0 8 )v (NHO1SO4, dried blood, and cottonseed meal serve as a source 0 
food to the hungry hosts of soil organisms, and hence we would naturally ex- 
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pect a reflection in the growth of the plant. Seeking in nitrogen a portion of 
their food supply, or even energy for their life processes, they multiply the 
number of its combinations, compelling it to pass through a series of analytical 
and synthetical changes. The nitrogen of today, a constituent part of some 
protein molecule, may tomorrow be part of some simple amino-acid, or may unite 
with some other nitrogen atom and pass away into the air. Conversely, the 
simple soluble nitrogen in nitrate or ammonia salts today may be part of a 
complex protein body in a short while, and so on. There is an ever-changing 
condition of the nitrogen in soils. 

It is because of the intimate relation between soil organisms, soil nitrogen 
and soil fertility, and the frequently controlling position of soil nitrogen as a 
factor in crop production, that there is such a strong interdependence of soil 
microbes and soil fertility. It can be no matter of indifference to us what the 
effects of these fertilizers are on the several processes of ammonification, 
nitrification, denitrification, nitrogen assimilation and nitrogen fixation. 
These processes possess for us a paramount interest because they are concerned 
with this very element whose fortune is so closely allied to the activities of 
soil organisms. The discovery and comprehension of the biological forces re- 
lating to the application of NaNO$ to the soil is unquestionably necessary to 
the solution of many soil problems. An adequate knowledge as to the effect 
of NaN0 3 alone, and in combination with other fertilizing materials, upon the 
myriads of soil microorganisms is essential for a clearer understanding of the 
factors affecting the availability of nitrogenous fertilizers. 

EXPERIMENTAL 

Experimentation has taught us that higher plants cannot assimilate at- 
mospheric nitrogen or nitrogen in the condition that we find it in the higher 
protein complexes. In other words, the nitrogen must be in a digestible form 
before it can be of use in plant nutrition. The agencies by which these pro- 
tein molecules are broken down are of two kinds, chemical and biological. 
Whereas the former acts only in a minor capacity, the latter is of the uttermost 
importance for the simplification of the protein molecule This process of 
simplification is carried out by many groups of soil organisms, among the most 
important of which are the ammonifying group and the nitrifying group-. 
The process by which organic matter is transformed into ammonia we call 
ammonification. It represents a certain stage in the cleavage process, and 
because of the fact that the protein molecule must be split to this stage at 
least before it can be used by the plant, it bears an intimate relation to soil 
fertility conditions. Moreover, this stage must be reached before further 
mineralization of the nitrogen can take place. It is of no little concern to us, 
therefore, how this process of ammonification is influenced by the prevailing 
fertilizer practices. We know that the presence of a proper supply of nitrogen 
may be the limiting factor between a rich and a poor harvest. 
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Because of the fact that NaN0 3 is so extensively used in the present-day 
fertilizing practices, it is important to become acquainted with the influence 
that this salt has tipon the ammonification processes in the soil. In noting 
this it should be studied from all possible angles— in acid and alakaline soils, 
in the presence of phosphates, in potash carriers, and in complete fertilizer 
mixtures. The influence of this, salt upon biological activities at different 
degrees of moisture and temperature should be studied in detail in order to 
determine its effect on the various groups and types of microorganisms. 

The purpose of the first series of experiments was to study the influence of 
NaN0 3 upon ammonification. Earlier workers such as Lipman and Brown 
(112), Temple (191) and Sadrntt (158) have noted that nitrates increased the 
ammonifying efficiency of soils. Quite recently Greaves (55) has come to 
the same conclusion. On the other hand, the work of Peck (138) and that of 
Crowther (23) seem to indicate a decrease in the accumulation of ammonia 
due to the presence of nitrates in the soil. Wohltmann (225) and his associates , 
testing the influence of soils treated with NaNO s at the rate of 75 kg. per acre, 
obtained an increase of over 3 per cent due to this treatment, the Remy (147) 
method being used. We thus have some inkling as to what to expect from 
fertilization with NaNOs. 


SOILS USED 

The soils used in this investigation were of seven distinct types. Six mineral 
soils and one of organic origin were used. The soils represent large areas of 
land in the various localities from which they were obtained. They were a 
Carrington loam from the Iowa Experiment Station; a Norfolk very fine sand, 
and a Norfolk sandy loam from Norfolk, Virginia; a Penn clay loam from 
New Brunswick, New Jersey; a Sierra sandy loam from Riverside, California; 
a Wooster silt loam from Wooster, Ohio; and a Muck soil from Great Meadows, 
New jersey. 

The writer takes this opportunity to thank those who have been so kind as 
to cooperate in collecting these soils. 

The hycroscopic mositure, apparent specific gravity, water-holding capacity, 
lime requirement by the Veitch Method, nitrate content and ammonia content 
of the soils used are given in table 1. 

In table 2 is to-be found the capillary rise of water in the soils in centimeters 
at the end of various intervals of time. The capillary tubes were 1 inch in 
diameter and 30 inches in length. The figures in table 2 were obtained by 
allowing the tubes, after being carefully filled with soil, to stand in 1 inch 
of water for 42 days. It was thought important, inasmuch as sodium nitrate 
is a very soluble salt, to note this capillary rise, as a factor in alleviating toxic 
effects of large quantities of the salt. 
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TABLE 1 

Hydroscopic moisture , apparent specific gravity , water-holding capacity, hmc requirement, 
* nitrate content and ammonia content in the soils used 



1 

2 

3 

4 

5 

6 

7 

Characteristic 

Carrington 

Norfork 

Norfork 

Penn 

Sierra 

Wooster 

Muck 


loam 

sand 

very fine 

clay 

sandy 

silt loam 

soil 




sand 

loam 

loam 



Hydroscopic mois- 
ture (per cent) . . . 
Apparent specific 

2.35 

1.00 

0.15 

2.28 

1.35 

1.87 

18.00 

1.61 

1.25 

0.70 

gravity • 

Water-holding ca- 

1 05 

1.30 

1.52 

1.05 


0.42 

1.60 

pacity 

0.50 

0.32 

0.34 

0.50 

0.28 

Lime requirement.. . 

3,700 

2,200 

550 

1,110 

Alka- 

line 

4,300 

' 5,200 

Nitrates (mgm. per 

100 gm. soil) 

Ammonia {mgm. of 

2.66 

1.67 

Trace 

4.78 

4.79 

2.60 

13.30 


0.50 

A 

42.17 

a 100 gm. soil). . . . 

0.77 

0.06 

Trace 

0.53 

0.13 


*Veitch method. 


TABLE 2 

The capillary rise of water in the soils 


Carrington 

loam 

Norfolk loam 
Penn loam.. . 
Sierra loam . . 
Wooster silt 


16.32 

21.59 

12.95 

23.77 

18.081 


36.19 

39.72! 

31.75 

|49.27 

40.38 


38.87 

|45.55 

36.19| 


46.99 


[42.42 

48.89 

39.72 


54.96 59.05 


50.54 


108 

134 

168 

241' 

292 

350 

518 

840 

954 

1022 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

45.21 

47.62 

50.00 

53.95 

54.96 

59.43 

62.84 

68.50 

69.81 

62.81 

52.70 

55.14 

57.58 

65.25 

64.70 

68.58 

70.24 

72.39 

72.89 

73.15 

42.92 

45.46 

48.00 

52.47 

54.96 

59.94 

64.77 

70 48 

72.13 

74.40 

62.88 

67.94 

66.90 

74.52 

76.81 

* 

* 




53.97 

56.88 

59.69 

63.81 

75.21 

* 






* Top of cylinder. 


METHODS 

The methods used in studying the ammonification process were of two 
kinds; (1) the beaker method as outlined by Lipman and Brown (108), and 
(2) a modification of the fresh-soil method as proposed by Brown (12). The 
first method was carried out in following manner: 

One hundred-gram portions of the soil were placed in tumblers. Organic patter was 
weighed out into them and the latter mixed with the soil by means of the shaker devised by 
the writer and his colleague (103). If non-soluble materials were to be used these were 
added at the same time as the organic matter and mixed with it. NaNOa, however, was 
added in solution. When the insoluble salts and organic matter were thoroughly mixed m 
the soil, water was* added equivalent to 50 per cent of the water-holding capacity. e 
tumbler was then covered with a glass plate and incubated for 5 days in the case o san > 
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and sandy loams, and 6 days for the other soils. The temperature of incubation was 20 
to 22°C. unless otherwise stated. At the end of the incubation period the soil was removed 
to a copper flask with 250 cc. of water. A piece of paraffin and 5 to 6 gm, of MgO were 
added and the ammonia distilled oS and titrated with N/10 HCl, alizarine sulphonate 
being used as the indicator. • 


In the fresh-soil method the difference to be noted was that the air-dry soils 
were first treated with sodium nitrate for different lengths of time at optimum 
water contents, and at the end of a given interval organic matter was mixed 
into the soil as before. The subsequent carrying out of the experiment was 
the same as previously described. 

In order to conform as nearly as possible to field conditions, a series of ferti- 
lizer additions had to be worked out which would represent in a reasonably 
accurate degree the concentrations of fertilizers prevalent in present-day 
practices. If we could assume that all fertilizer was spread broadcast, we 
would have had no difficulty in determining the amounts of material to apply. 
However, somewhat over 85 per cent of the fertilizers are at the present drilled 
in. As a result we are confronted with a series of concentrations, interpendent 
upon the width of the layer of fertilizer falling from the drill spout and the 
number of grilled rows per acre. To illustrate this more plainly let us suppose 
that we are going to apply 50 pounds of sodium nitrate in planting an acre of 
corn. An acre would resolve itself into a square of 208 linear feet to the side. 
Com is drilled in rows varying from 3 to 5 feet apart. Let us take 3 feet 9 
inches as a standard. «We would thus have 55 rows of com per acre. Assum- 
ing that the fertilizer is s'pread to a width of 3 inches and moves to each side 
3 inches more and that the total vertical movement is about 9 inches, we would 
have a block of soil 208 feet long 6 inches wide and 9 inches deep in which the 
fertilizer acts, or a volume of soil of 78 cubic feet. Ina sandy loam having 15 
per cent of moisture this volume would resolve itself into 66 cubic feet of actual 
air-dry soil. Taking an apparent specific gravity of 1.5 this volume of soil 
would weigh 6130 pounds and 55 such rows would weigh 337,150 pounds. 
Calculating that one acre of the same soil to a depth of 9 inches would weigh 
3 500 000 pounds it is easily seen that our original concentration of 50 pounds 
lms become ten times this, or 500 pounds. By the same method of leasonmg 
smaller or larger applications would result in higher or lower concentrations. 
FoP instance, in fertilizing potatoes where 1500 pounds of a 4-8-10 fertilizer 
are drilled in, or in onion growing where 2000 to 4000 pounds of fertilizer are 
used, and in other lines of intensive market gardening, the actual concen- 
tration may run as high as 5000 to 10,000 pounds per acre It was decided, 
therefore, to employ amounts from 50 to 10,000 pounds of sodium nitrate 
per acre, hoping in this wide range to meet with all concentrations occurring 

in fertilizer practices. . . ■ . f 

, to calculating the applications 3,500,000 pounds was taken as the weight 
oi an acre nine inches of sandy soils, 2,700,000 for loam so.lsand y 0^» 
for the muck soil, to all cases except where acid phosphate was employed, 
chemically pure salts were used. 
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PAST IT 

Series 1. The influence of sodium nitrate upon the ammonifi cation of dried 

blood 

Table 3 records the data to show the influence of NaNOs upon the ammonb 
fication of dried blood in seven types of soil. Two per cent of dried blood 
analyzing 12.48 per cent nitrogen was usedis the ammonifiable material. The 
table has been subdivided into seven sections, each one of which gives the data 
for the action of sodium nitrate upon the ammonifkation of dried blood in 
one type of soil. The fertilizer additions are given in column 2. Duplicate 
determinations with averages are shown for each soil. In addition, the rela- 
tive value of the various treatments, based upon a value of 100 for the 
check, has been caluclated. 

An examination of table 3 shows one marked difference with regard to the 
influence of NaNOs upon the ability of the soils to ammonify dried blood. 
The greatest reaction experienced from the addition of sodium nitrate was in 
the Wooster silt loam. In this soil an application of sodium nitrate equal to 
100 pounds per acre increased the ammonifying power of the soil 12 per cent 
and 300 pounds, 15 per cent. Larger applications, however, did not cause 
any corresponding increase in the amiponia accumulation. When an amount 
equal to 5000 pounds per acre was present a decrease in the ammonifying 
power of 30 per cent is to be noted, whereas twice this concentration depressed 
the ammonifying power just once again, or 70 per ceftt. An examination of 
table 2 shows us that this scil has a very rapid rise of capillary water, and no 
doubt the toxic effect of sodium nitrate would be of only short duration. Con- 
sidering the crops grown on this soil and the amounts of fertilizer they generally 
receive,, one need not have any fear that sodium nitrate will influence the 
ammonifying group in any other way than beneficially. 

The soil evidencing the least response to additions of sodium nitrate was the 
Penn clay loam. A stimulative influence of 2 per cent was experienced with 
a salt concentration equal to 100 pounds per acre, and this same value held 
true even with amounts as high as 5000 pounds per acre. As much as 5 tons 
per acre of the salt did not diminish the activity of this soil’s flora to the 
slightest degree below normal. 

The results obtained from the action of sodium nitrate applied to the Norfolk 
sandy loam soil seem to indicate that sodium nitrate is not an important 
factor in influencing its ammonifying power with dried blood as the source 
of organic matter. No marked stimulative action is at hand until the high 
concentrations equal to 1500 to 2500 and 16,000 pounds per acre are present. 
With a concentration of 2500 pounds a stimulative influence is to be noted 
equivalent to 4 per cent above normal. Double this concentration also practi- 
cally doubled the stimulation. This soil, being a typical early truck soil, 
must necessarily be heavily fertilized, and the fact that no harmful effects are 
manifested with such high concentrations is a very happy circumstance. 



TABLE -t 


Influence of NaNOi upon the anmonification of dried blood in the w.riom soils 




WOOSTER SILT LOAM 

hi y 
w a 

NORFOLK SANDY LOAM 

S& 

h 

s ^ 

PENN CLAY LOAM 

ijj 

SOIL 

PORTION 

NaNOi 

PER ACRE 

Mgm. N 

Mgm. N 

Average 
mgm. N 

h 0 

Z H 

dp 

ft 

Mgm. N 

'A 

i 

s 

1* 

£ i 

<S 

A 

i 

i 

3 

Average 
mgm. N 

\h 

85 

h 

1-2 

pounds 

None 

98.24 

100.50 

99.87 

100 

59.87 

64.73 

62.30 

100 

72.09 

73.87 

72.98 

100 

3-4 

50 

103.67 

103.56 

103.61 

103 

60.75 

63.98 

62.37 

100 

69.42 

70.10 

69.76 

95 

5-6 

100 

115.83 

108.70 

112.25 

112 

67.39 


67.39 

108 

75.65 

74.76 

75.20 

102 

7-8 

300 : 

114.00 

114.00 

114.00 

115 

58.30 

62.69 

60.45 

97 

78.00 

78.81 

78.40 

107 

9-10 

500 

112.82 

111.39 

112.11 

112 

62.30 

63.10 

62.70 

100 

73.33 

77.14 

75.23' 

102 

11-12 

700 

112.96 

114.11 

113.53 

113 

60.54 

65.40 

62.97 

100 

75.12 

74.76 

74.94 

102 

13-14 

900 

113.38 

116.11 

114.74 

115 

62.30 

65.40 

62.97 

100 

74.76 

74.96 

74.86 

102 

15-16 

1,200 

113.39 

112.11 

112.75 

113 

66.58 

63.30 

64.94 

104 

75.20 

75.37 

75.28 

102 

17-18 

1,500 

111.83 

113.21 

112.52 

113 

64.80 

64.80 

64.80 

104 

75.20 

75.37 

75.28 

102 

19-20 

2,500 

112.97 

112.87 

112.93 

113 

61.80 

55.40 

58.60 

94 

75.71 

75.25 

75.48 

102 

21-22 

5,000 

71.50 

70.07 

70.78 

70 

66.70 

65.12 

65.91 

107 

77.60 

72.62 

75.11 

102 

23-24 

10,000 

35.32 

35.18 

35.25 

35 

66.70 

65.12 

65.91 

107 

71 .37 

75 . 65 

73.51 

100 


SOIL 

PORTION 

NaNQ* 

PER ACRE 

SIERRA SANDY LOAM 

Mgm. N 

Mgm. N 

Average 
mgm. N 


pounds 




1-2 

None 

107.36 

111.18 

109.27 

3-4 

50 

112.81 

111.61 

112.21 

5-6 

100 

109.76 

113.57, 

111.66 

7-8 

300 

113.67 

109.00 

111.33 

9-10 

500 

113.36 

114.99 

114.18 

ii -12 

700 

113.76 

115.76 

114.75 

13-14 

900 

116.08 

115.54 

115.81 

15-16 

1,200 

113.90 

113.60 

113.75 

17-18 

1,500 

103.98 

107.14 

105.56 

19-20 

2,500 

103.98 

104.38 

104.18 

21-22 

5,000 

93.08 

93.28 

93.18 

23-24 

10,000 

89.92 

89 62 

89.77 
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SOIL 

NaNOi 





PORTION 

PER ACRE 






Mgm. N 

Mgm. N 

mgm. N 


pounds 




1-2 

None 

38.80 

38.90 

38.85 

3-4 

50 

40.87 

40.37 

40.62 

5-6 

100 

42.94 

43.04 

42.95 

7-8 

300 

40.43 

41.74 

41.08 

M0 

500 




11-12 

700 




13-14 

900 

47.90 

48.60 

48.75 

15-16 

1,200 

47.96 

47.96 

47.96 

17-18 

1,500 

41.85 

39.24 

40.54 

19-20 

2,500 

34.11 

34.88 

34.49 

21-22 

5,000 

29.43 

30.51 

29.97 

23-24 

10,000 

23.32 

25.00 

24.16 


PERCENT 
RELATION 
TO CHECK. 


100 

103 
102 
102 
105 

105 

106 

104 
95 
95 
85 
82 


CARRINGTON loam 


Mgm. N 


136.56 

138.71 

141.14 

143.00 

138.66 

143.00 

142.30 

142.30 

136.56 

131.70 

131.27 

119.69 


Mgm. N 


136.00 

138.00 
140.85 

142.30 

138.00 

142.30 

142.30 

142.30 
139.14 
131.90 
128.70 
117.78 


Average 
mgm. N 


136.28 

138.35 

140.99 

142.65 

138.33 

142.67 

142.30 

142.30 

137.84 

131.80 

129.98 

118.73 


PERCENT 
RELATION 
TO CHECK 


100 

101 

103 

104 
101 
104 
104 
104 
101 
96 
95 
87 


PER CENT 
RELATION 
TO CHECK 

-■* 

MUCK 

PERCENT 
RELATION 
TO CHECK 

Mgm. N 

Mgm. N 

Average 
mgm. N 

100 

, 87.32 

86.33 

86.82 

100 

104 

j 87.15 

85.79 

86.47 

100 

111 

| 86.33 

86.00 

86.16 

99 

108 

85.54 

85.00 

85.27 

98 


86.15 

87.00 

86.57 ' 

100 


84.55 

84.55 

84.55 

97 

124 

86.33 

86.90 

86.61 

99 

123 

86.33 

88.39 

87.38 

101 

107 

86.00 

84.00 

85.00 

99 

88 

86.33 

86.00 

86.17 

99 

77 

84.83 

84.50 

84.66 

97 

60 

83.63 

84.14 

83.88 

96 
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The ammonifying flora of the Carrington loam differs somewhat more in 
its response to applications of sodium nitrate than any of the other six soils. 
When compared with the Wooster silt loam we experienced a gradual response 
to additions of the fertilizer up to where a concentration of 300 pounds per acre 
was at hand. From here on, as in the Wooster silt loam, no enhanced or 
depressed activity was manifested until a concentration of 1500 pounds per 
acre was supplied. This concentration depressed the activity of the ammonifiers 
to about normal. A fertilizer increment of 1000 pounds depressed the action 
about 4 per cent below normal, whereas seven times this caused a depression 
in the activity of the ammonifying group of about 13 per cent. The capillary 
rise of water in this soil is not very rapid, as will be seen in table 2. However, 
considering the fact that only 13 per cent depression below normal occurs with 
a concentration of 10,000 pounds, per acre, we may have no fear of any harm- 
ful effect of sodium nitrate on such a type of soil. In fact, with small amounts 
we may expect a rather marked beneficial influence to the ammonifying flora. 

The Sierra sandy loam is a soil quite distinct from the other types studied. 
Coming as it does from a semi-arid region, the concentration Of the salts in 
its soil solution is somewhat larger than in any of the other soils. Consequently 
when the action of sodium nitrate upon the ammonifying flora of this soil 
is compared with its action in the same type of soil from humid regions, we 
find high concentrations of sodium nitrate exhibiting toxic effects in the Sierra 
sandy loam, whereas the same concentrations under the same moisture con- 
ditions, do not cause any decreased ammonia accumulation in the Norfolk 
sandy loam. 

A stimulative action is to be noted in this soil, however, the maximum, 6 
per cent, being at hand with a concentration equivalent to 900 pounds per acre. 

With the Muck soil no decisive response whatever is to be noted. The 
ammonifying flora is either non-responsive to nitrate fertilization or else the 
high absorption power of such a type of soil militates against the presence of 
the salt in the soil solution and its subsequent action upon the soil micro- 
organisms. Moreover, in spite of the nature of most mucks, this specific soil 
has a very high concentration of available nitrates and ammonia, as will be 
seen by consulting table 1. Their presence would also probably inhibit the 
action of additional quantities of nitrates. 

In all of the previous soils, nitrates in some form or other were present. 
It was thought that the presence of these might have some influence in regu- 
lating the reaction of additional quantities of nitrates. That is to say, if the 
soil was devoid of nitrates its flora would not be accustomed to their presence 
and fresh additions of the salt ought to give greater and an earlier reaction 
upon the ammonifying flora. 

In order to test this out, a seventh soil, a Norfolk very fine sand was chosen. 
This soil had only a trace of nitrates in each 100 grams. It had, however, the 
biological and chemical characteristics of a true soil. It would seem from an 
examination of section 6 that the a priori assumption above made was true. 
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Although the duplicate determinations in some cases are not all that are to be 
desired, due no doubt to loses entailed in a soil of such an open texture with 
this quantity of ammonifiable material, a greater percentage increase is to be 
noted as a result of the action of NaN0 3 than in any of the other soils examined. 
The greatest activity was noted at a concentration of 900 pounds per acre. 
At this point an increase of 24 per cent above normal was recorded. Although 
exhibiting the greatest stimulation to the presence of sodium nitrate, this soil 
also was the most seriously influenced in its decomposition powers by larger 
quantities of this salt. Even though the same moisture conditions are present 
as are in the other sandy soils a much greater toxic action occurred to depress 
the activity below normal. 

In all of these tests the action of sodium nitrate seems to work along definite 
lines. We have at first an enhanced effect followed by an action non-divergent 
from the maximum and later on, as the concentration increases, a depressed 
accumulation of ammonia. The questicn naturally arises as to the cause of 
such a phenomenon. Is it due to internal conditions, such as the composition 
of the material in itself, or is it due to external conditions, such as the lack of 
the mineral elements— phosphoric acid, potash and lime? Also, we might 
find an answer if we studied the action of moisture, temperature or mechan- 
ical composition of the soil upon the ammonification of dried blood as in- 
fluenced by the presence of nitrate of soda. We may further find substance in 
the theory that perhaps the rapid multiplication of microorganisms in the 
process of ammonification unavoidably involves the transformation of soluble 
ammonia back into protein forms. 

The tenability of these ideas will be taken up later in the thesis, it being only 
too apparent that some controlling factor is operating against a larger accumu- 
lation of ammonia when the results of the next series are considered. 


Series 2. The influence of nitrate of soda upon the ammonification of cottonseed 

meal 

In this series cottonseed meal was substituted for dried blood. Cottonseed 
meal is a substance of vegetable origin and in this connection represents the 
plant residues from which the' soil organic matter is mainly derived more 
closely than dried blood, a substance of animal origin representing insect and 
animal remains. The experiments in this series were earned out in the sa*e 
fashion as in series 1. Three per cent of cottonseed meal was used as the 

source of organic matter. The results are given in table 4 

An e xamina tion of table 4 show's us that the ammonification of cottonseed 

meal is influenced very greatly by the presence of added quantities of rut mte of 

soda. This seems to be true in all but two of the seven soils v * , ra «ndy 

loam and the Muck soil. In these two soils, while an enhanced effect is present, 

folk sandy loam. In this soil there is a gradual and marked stimulation 



TABLE 4 


Shotting the influence of NaNOs upon the ammonification of cottonseed meal in the various 

soils 




Carrington 

LOAM 

gg 

NORFOLK SANDY LOAM 
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PENN CLAY LOAM 
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1-2 

pounds 

None 

62.19 

60.87 

61.53 

100 

29,32 30.9430.13 

100 

77.09 77.77 77.43 

100 

3-4 

50 

63. 72 1 

63.72 

63.72 

103 

39.36 38.39 38.87 

122 

73.69 74.37 74.03 

96 

5-6 

100 

64.61 

63.90 

64.25 

104 | 

40.08 41.1440 61 

131 

76.54 78.32 77 . 9 

; 100 

7-8 

300 

69.42 

66.65 

68.03 

110 

42.70 42.70 42.70 

140 

75.75 79.31 77.53 

100 

9-10 

500 

69,54 

77.14 

73.34 

117 

41.3041.3041.30 

139 

81.8881.8881.88 

105 

11-12 

700 

82.47 

84.01 

83.24 

133 

;48. 60 51.84 50.22 

167 

81.88 80.10 80.99 

| 104 

13-14 

900 

84.01 

87.93! 

85.79 

139 

54.17 53.94 54.05 

179 

83.8883.88 83.88 

108 

15-16 

1,200 

88.64 

85.7987.23 

141 

59.77 56.05 57.91 

192 

80.99 80.00 80.49 

105 

17-18 

1,500 

80.40 


80.40 

130 

62.20 55.4058.80 

195 

86.00 85.14 85.57 

110 

19-20 

2,500 

86.15 

84.55 

85.35 

139 

60.20 59.1059.65 

198 

84.37 89.50 86.93 

111 

21-22 

5,000 

85.79 

85.79 

85.79 

139 

56. 60 57.08 56.84 

188 

89.00 88 33 88.66 

114 

23-24 

10,000 

87.39 

89.00 ! 

88.19 

143 ! 

63.13 61.98 62.54 

207 

88,66 85.44 87.05 

112 


SOIL 

NaNO* 

SIERRA SANDY LOAM 

PER CENT 

WOOSTER SILT LOAM 

PER CENT 

PORTION 

PER ACRE 

Mgm. N 

Mgm. N 

Average 
mgm. N 

TO CHECK 

Mgm. N 

Mgm. N 

Average 
mgm. N 

TO CHECK 


pounds 









1-2 

None 

83.27 

83.30 

83.28 

100 

64.99 

65.05 

64.77 

100 

3-4 

50 

82.84 

83.64 

83.24 

100 

64.91 

63.49 

64.20 

100 

5-6 

100 

83.54 

| 82.05 

82.79 

99 

67.21 : 

70 07 

68.64 

106 

7-8 

300 

85.52 

85.52 

85.52 

102 

69.92 

70.10 

70.06 

108 

9-10 

500 

85.89 

85.80 

85.84 

102 

70.88 ! 

71.50 

71.19 

109 

11-12 

700 

85.89 

85.29 

85.64 

102 

71.50 

71.50 

71.50 

110 

13-14 

900 

85,46 

85.29 

85.37 | 

102 

76.97 

77.20 

77.08 

118 

15-16 

1,200 

82.84 | 

84.58 

83.71 

100 

80.00 

80.98 

80.49 

124 

17-18 

1,500 

85.56 

85.46 

85.51 

102 

83.16 

83.02 

83.08 

128 

19-20 

2,500 

83.34 | 

84.43 ' 

83.88 

100 

87.23 

83.22 

85.23 

131 

21-22 

5,000 

83.16 

82.62 

82.89 

100 

81.22 

82.35 > 

81.78 

126 

23-24 

10,000 

80.11 

79.02 | 

79.58 

95 

67.77 

68.94 

68.35 

106 

SOIL 

NaNOi 

NORFOLK VERY FINE SAND 

PERCENT 

MUCK 

PERCENT 

PORTION 

PER ACRE 

Mgm. N 

Mgm. N 

Average 

mgtn.N 

RELATION 

TOcdfecK 

Mgm. N 

Mgm. N 

Average 
mgm. N 

RELATION 
TO CHECK 


founds 









1-2 

None 

29.87 

30.07 

I 30.02 

100 

51.62 

51.80 

51.71 

100 

3-4 

50 

32.70 

32.90 

32.80 ! 

109 

48.94 

48.94 

48.94' 

94 

5-6 | 

100 

34.40 

34.89 

34.66 

115 

54.29 

54.65 

54*. 47 

105 

7-8 

300 ! 

38.15 

38.58 

38.36 

127 

53.75 

53.00 

53.37 

103 

9-10 

500 





53.04 

52.58 

52.81 

102 

11-12 

700 

42.83 

44.38 1 

43.60 

145 

54.29 

53.40 

53.84 

104 

13-14 

900 

56.02 

59.40 i 

57.71 

191 

52.51 

52.51 

52.51 

102 

15-16 

1,200 

52.32 

52.12 

52.22 

173 

52.69 

53.23 

52.96 

102 

17-18 

1,500 

45.89 

45.99 

45.94 

153 

51.89 

54,82 

53.35 

103 

19-20 

2,500 

47.41 

47.20 1 

47.30 

157 

^52.69 

52.69 

52.69 

102 

21-22 

5,000 

40.87 

41.96 

41.41 

137 

54.10 

54.80 

54.45 

105 

23-24 

10,000 i 

27.25 

28.15 | 

27.70 

92 

53.66 

54,10 

53.88 

104 
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to the presence of sodium nitrate, culminating in an increase of 107 per cent 
above the untreated soil. With the smaller amount of fertilizer, 100 to 300 
pounds per acre, there is an increase in the ammonia accumulation of from 
30 to 40 per cent over no treatment. In comparing the results of this experi- 
ment with those obtained with dried blood on the same type of soil, a most 
astounding difference is to be seen. In the last series we did not experience 
an infrease of over 7 per cent above normal with all the concentrations used, 
whereas in this case even 50 pounds per acre gave us an increased activity of 
over 20 per cent. It is needless to remark again that in no case was there 
noted any toxicity to the process of simplification of the protein molecule. 

The ammonification of cottonseed meal was also greatly enhanced in the 
Carrington lcam by the addition of NaNO* The responses to successive 
increments of the salt were smaller in this type of soil than in the previous one 
however. Whereas, in the above soil $ 40 per cent increase was obtained with 
a concentration pf 300 pounds per acre, it required several times this amount 
to produce the same result in this type of soil. Moreover, the maximum stimu- 
lation was only 40 per cent above normal, whereas, it was over two and one- 
half timesthis in the Norfolk sandy loam. No toxicity from the application 
of large amounts was apparent. 

The Wooster silt loam also exhibited a greater ability to ammonify cotton- 
seed meal in the presence of varying amounts of sodium nitrate than did dried 
blood. In this type of soil the maximum enhanced activity was 31 per cent 
above normal. The amount of sodium nitrate present in this case was 2500 
pounds per acre. In this soil no enhanced effect was noted at the lowest 
concentration of applied salts. The reaction is not very marked until a 
quantity of salt equivalent to 300 or 500 pounds per acre is present. In this 
soil there is no toxicity present in any concentration to lower the activity of 
the ammonifying group below the non-treated portions. There is, however, 
evidence that if the concentration was increased beyond the maximum amount 
applied here bad effects would follow. This is indicated by the depression 
from the maximum, 31 per cent, to 26 per cent and 6 per cent, respectively, 
where 5000 and 10,000 pounds of salt were applied. 

In contradistinction to the effeefof sodium nitrate upon the ammonifiability 
of dried blood in the previous series where the Penn clay loam was used, a 
rather noticeable enhanced activity occurred, reaching a maximum of 14 per 
cent above normal with an application of NaNO* to the highest concentration. 
Also, appreciable responses are to be noted in this type of soil with smaller 
quantities. A comparison of the effect of sodium nitrate upon the ammonifying 
flora of this soil, with the Carrington loam, Norfolk sandy loam and Wooster 
silt loam shows us that it is the least affected of the four. The question arises 
as to the cause of such a phenomenon. Is it a question of soil flora? Are the 
more aerobic conditions present in the three mentioned soils such as to bring 
out certain types and grourc of soil microorganism s, which are stimulated 
by applications of sodium nffrate, or has the mechanical condition of the soil 
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tended to adsorb the soluble nitrates thus keeping them out of the soil solution 
and affecting the soil organisms? Lipman and his associates have shown that 
applications of sodium nitrate were much more effective in a Penn loam soil 
that had been diluted by means of. Quartz sand than in the undiluted portion. 

The Sierra sandy loam, as well as the Muck, although evidencing a small 
enhanced activity due to the presence of soluble nitrates, could not be con- 
sidered as being very greatly stimulated by the presence of this salt, the 
previous series where dried blood was used as the ammonifiable material 
the Sierra sandy learn recorded a slightly greater enhanced activity than in 
this series, some 4 per cent less activity being noted here. A toxic effect is 
also on hand at the highest concentration, being 5 per cent below the untreated. 
In the Muck soil a more derided stimulating action has been recorded than was 
present in series 1. A maximum of 5 per cent was reached with the greatest 
amount of applied salts. With more Rational amounts stimulative -actions 
varying from 2 to 3 per cent are to be seen. On repeating t^e experiment in 
this series in a soil devoid of nitrates a somewhat similar condition is met with, 
as was experienced in the previous series. The maximum enhanced effect, 
91 per cent above the non-treated portion, was found at a concentration equal 
to 900 pounds per acre. Fifty -pounds per acre increased the activity of the 
organisms 9 per cent; 100 pounds IS per cent and 300 pounds 27 per cent. A 
depressive action is present when the concentration equaled and passed 1200 
pounds per acre. This depression does not fall below the record for the un- 
treated portion, but falls off only from the maximum enhanced effect. 

Quite apparent is the difference between the action of sodium nitrate upon 
the ammonification of cottonseed meal and dried blood in all of the seven 
types of soil used. The question naturally arises as to why this is so. Our 
knowledge of the chemical constitution of dried blood tells us that it differs 
quite considerably from cottonseed meal. In the first place, analyses by the 
writer showed it to have approximately one-half as much total phosphoric 
acid and potash as cottonseed meal. Also, analyses for total carbon and 
nitrogen tell us that their carbon-nitrogen ratio is quite different, cottonseed 
meal haring a much greater quantity of available energy-producing materials, 
i.e., carbohydrates. The writer has shownP(21), as well as others, that when 
organic materials of different carbon-nitrogen ratios are introduced into soils, 
considerable changes in the microbial flora are brought out. Again, one tan 
conceive of marked differences in the cleavage products of the two substances. 
Other things being equal, we should expect a greater acid residue from cotton- 
seed meal than from dried blood. This would of course affect the standing 
of the various groups of soil organisms, as has been shown by Fellers (37) with 
soil bacteria and Kopeloft ( 90 ) with soil fungi. 

Perhaps the action of sodium nitrate upon the ammonification of cottonseed 
meal would not be so striking if the soil were made alkaline with lime. In- 
dicative of such a thing is the action of cottonseed meal in the Sierra sandy 
loam, which as will be remembered, is alkaline in reaction. As has been pre- 
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viously pointed out, perhaps phosphoric acid or potash is important for the 
action of sodium nitrate in increasing the decay of dried blood. With these 
thoughts in mind we shall follow the decay of dried blood and cottonseed 
meal in the presence of both acid phospha^and nitrate of soda, in the presence 
of available potash, in limed soils and in the presence of available energy. 


Ser^ 3. The influence oj dextrose upon the ammonification of dried blood 

Thinking that perhaps the lack of stimulation in the ammonification of 
dried blood might be due to a shortage of energy-producing materials an ex- 
periment was conducted in which energy was supplied in the form of dextrose. 
However, in order that we might know what influence dextrose exerted upon 
the ammonifying efficiency of the various soils a preliminary experiment was 
first made in which dextrose was added in the absence of nitrate of soda. 
This wa* carried out by the same method as before, dextrose was added in 
amounts equivalent to 0.1, 0.3, 0.5, 0.7, and 1 per cent. . 

An examination of the data in table 5, recording the influence of dextrose 
upon ammonification in the various soils, shows us that there is a considerable 
difference with regard to the influence of dextrose upon the ammonification 
of dried blood in the various soils. Although the ultimate action of large 
quantities of dextrose causes a decreased accumulation of ammonia, as has 
been previously shown by Doryland (27), Lipman and Brown (112) and 
Hutchinson and Marr (73), in some soils small amounts of dextrose gave a 
stimulative action to the ammonifiers, and in others no increase above the 
untreated portions is to be seen. The stimulative action of dextrose in the 
Penn clay loam is quite marked, 0.10, 0.30 and 0.50 per cent effecting ap- 
preciable increases in ammonia production. One per cent ecrease 
ammonia accumulation 42 per cent. An increased ammonia accumulation 
was obtained with 0.10 per cent of dextrose also in the Sierra sandy loam, 
Norfolk sandy loam and the Muck soil. In these soils as well as in the Car- 
rington loam and Wooster silt loam, quantities in excess of this depressed he 
accumulation in vjfying degrees. The greatest depression was found m the 
Wooster silt loamffollowed by the Norfolk sandy '^-C rnngton ljm 
Sierra sandy loam, Penn day loam and Muck soil It will also be seer rom 
an examination of the table that there are marked differences w«h regard t 
the effects of specific amounts of carbohydrates. In other words, 0.30 per 
cent 0 50 per cent or 0.70 per cent in one soil did not produce the same per- 
centireof decrease in the other soils. It is evident then that energy-produc- 

large amounts producing the same results, wherea* smaller quantities cau.e 
other effects, not necessarily r in t the accumulation of 

The fact that accumulative 

ammonia from the mea l induced the writer to ascertain whether 

conditionspresentwithcottopfed phenomena in series 1. 

or not this factor was of importance in causu g f 
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In testing this out, the same methods as .previously used were employed. 
The first series was carried out with small amounts of dextrose. Two-tenths 
per cent of dextrose was added to all the tumblers with 2 gm. of dried blood, 
and thoroughly mixed with the soil ♦Sodium nitrate was then added as before 
in amounts from 50 pounds to 10,000 pounds per acre, the moisture being 
brought up to 0.50 per cent of the water-holding capacity of the soil. The in- 
cubation and the analysis were exactly the same as in series 1. The soils used 
and the data accumulated are recorded in table 6. 

TABLE 5 


Influence of various amounts of dextrose upon the anmoniflcation of dried blood 
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1-2 

None 

114.24 

113.90 

114.07 

100 

46.80 

46.63 

46.71 

100 

42.50 

42.34 

42.21 

100 

3-4 

0.10 

100.74 

103.53 

102.13 

90 

47.85 

47.89 

47.87 

102 

49.50 

51.33 

50.46 

119 

5-6 

0.30 

80.74 

88.08 

88.41 

77 

45.94 

44.90 

45.42 

97 

44.71 

45.41 

45.06 

105 

7-8 

0.50 

74.82 

74.82 

74.82 

65 

36.71 

36.54; 

36.63 

78 

42.45 

43.65' 

43.051 

102 

9-10 

0.70 

62.98 

66.12 

64.50 

56 

30.97 

30.27 

30.62 

65 

38.28 

38.79 

38.53 

91 

11-12 

1.00 

53.90 

53.90 

53.90 

47 ! 

21.40 

21.40 

21.40 

45 

24.70 

24.70 

24.70 

58 



SIERRA SANDY LOAM 

PER CENT RELA- 
TION TO CHE CK 

WOOSTER SILT LOAM 

ll 

I 8 

Si; 

MUCK SOIL 

*3 a 

Sg 

SOIL 

PORTION 

dex- 

trose 

Z 

i 

S 

z 

1 1 
S j 

Average 
mgm. N 

Z 

a 

S 

z 

i 

S 

! 

j 2S 

1 

z 

i 

* 

fc 

a ! 

%Z 

H 

<0 

1 

h 


per cent 













1-2 

None 

98.65 

95.35 

97.00 

100 

92.22 

93.96 

93.09 

100 

94.83 

94.85 

94.84 

100 

3-4 

0.10 

102.13 

103.85 

102.99 

105 

90.13 

90.13 

90.13 

96 

97.20 

95.33 

96.26 

102 

5-6 

0.30 

91.87 

91.87 

91.87 

94 

73.08 

73.08 

73.08 

78 

89.76 

89:43 

89.59 

94 

7-8 

0.50 

74.82 

77.60 

; 76.21 

88 

56.02 

58.63 

57.32' 

61 

88.31 

84.73! 

86.52! 

91 

9-10 

0.70 

69.60 

65.25 

I 67.42 

1 75 

52.20 

150.80 

51.50 

55 

74.64 

68.03 

71.33 

75 

11-12 

1.00 

49.94 

49.94 

49.94 

51 

31.66 

30.30 

30.98 

30 

72.10 

71.76' 

71. 93 1 

76 


A comparison of this table with table 3 (series 1) shows us some striking 
differences with regard to the influence of sodium nitrate upon the ammonifica- 
tion of dried blood in the presence of available energy. 

It will be remembered that in series 1 the effect of sodium nitrate upon the 
ammonification of dried blood was of this nature— first, an enhanced effect, 
followed by a reaction nofi-d^ergent from the maximum until a toxic condi- 
tion is reached. However, if we look at the action of this soil when ammonify- 
ing dried blood in the presence of dextrose and sodium nitrate, we find an 
entirely different phenomenon. In the Wooster silt loam we experienced 
first a slight enhanced effect, and then not the stiAght line effect of the previous 
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senes, but a decided lessened accumulation of ammonia. With larger amounts 
we would expect to see the toxic action again acting, and this is the case. 

The degree of toxicity is different, however, when compared with that in the 
previous series, 

TABLE 6 

The influence of NaNO , upon the amnonijkation of dried blood in ike presence of dextrose 
(0.2 per cent) 


1-2 

3-4 

5-6 

7-8 

9-10 

11-12 

13-14 

15-16 

17-18 

19-20 

21-22 

23-24 


NaNOi 

res ACRE 


pounds 

None 

50 

100 

300 

500 

700 

900 

1,200 

1.500 

2.500 

5.000 

10.000 


CARRINGTON LOAM 


92.82 
92.66 
95.58 
93.14 
96.8697 
96.71 
96.85 
97.8496 
94.60 94 
90.8890 
88.12 
80.19 


92.98 

92.01 

96.22 


75.811 


.9893.061 
3697.11 
96.63 
97.23 
00 96.92| 
00 94.30 
0890.48 
60 88,36 
78.00 


NORFOLK SANDY LOAM 


S9.29 

57.89| 

58.83 

59.61 

62.371 

59.77 

62.53 

63.10 

59.44 

62.37] 

55.89 


50.221 


61 .50634062.45 


[58.80 

57.61 
58.81 

159.61 
59.85 
59.77 
64.31 
63.30 
59.12! 
62.37 
53.091 


PENN CLAY LOAM 


60.41161, 

57.7058. 

157.67 

56.05 

60.41 


[56 
59 
56.00|55 


55.56| 

54.92 

53.10 

53.1052 

52.65 

52.60 


[60.84 

58.34 

57.67 

56.02 

[59.54 

55.54 

56.94 
55,73 
52.78 

52.94 
52.62 
|52.60| 


5Sg 

dS 


100 

96 

95 

92 
98 
91 

93 
90 
86 
86 
86 
86 


son. 

NaNO* 

SIERRA SANDY SOAM 

PER CENT 

J WOOSTER SILT LOAM 

PER CENT 

portion 

PER ACHE 

Mgra. N 

Mgm. N 

Average 
mgm. N 

TO CHECK 

Mgm. N 

Mgm. N 

Average 
mgm. N 

RELATION 
TO CHECK 

1-2 

Pounds 

None 1 

103.29 

104.56 

103.92 i 

1 100 

92.82 

92.82 

92.82 

100 

3-4 : 

50 

1 104.13 

104.98 , 

104.55 

100 

92.84 


92.84 

100 

5-6 

100 

109.18 

109.66 

109.42 

105 

92.84 

92.84 

92.84 

100 

7-8 

300 

101.06 

103.68 

102.37 

99 

99.14 

92.84 , 

95.99 

103 

9-10 

500 

106.46 

1 107.27 

, 106.86 

103 

95.41 

96.21 

95.81 

103 

11-12 

700 

104*49 

106.27 

1 105.38 

102 

85.05 

85.05 

85.05 

92 

13-14 

' 900 

110.48 

110.80 

110.64 

107 

85.05 

81.48 

83.26 

89 

15-16 

1,200 

109.20 

111.50 

110.35 

107 

82.62 

82.62 

82.62 

88 

17-18 

1,500 

107.92 

107.10 

107.51 

104 

81.00 

81.00 

81.00 

87 

19-20 

2,500 

103.68 

103.68 

103.68 

100 

81.00 

81.00 

8t.00 

87 

21-22 

5,000 

83.93 

88.90 

88.91 

85 

71.28 

71.08 

71.17 

75 

23-24 

10,000 

76.24 

77.86 

77.05 

75 

46.49 

46.97 

46.73 

50 


The effect of dextrose upon the ammonifkation of dried blood as influenced 
by sodium nitrate in the Penn loam clay soil is jlso radically different in this 
series. Previously we had an almost straight line effect. Now the influenc- 
ing factors cause a broken line effect, the summation of which is a decided de- 
crease in the ammonia accumulation. The influence of dextrose alone was 
stimulating, that of sodium nifcate alone was not appreciable in any direction.- 
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The algebraic sum is a depression. The most logical explanation would be 
that in combination these two materials influenced the multiplication of soil 
organisms to such an extent that consumption was greater than production 
of ammonia as the nitrate of sockflfcras increased. ' 

From an examination of the effect of these materials upon the ammyiifica- 
tion of dried blood in the Carrington loam, one finds no apparent change from 
the phenomenon in series 1 until a point is reached where the toxic factor 
again enters in. Comparing the relation values for the three highest con- 
centrations we find that in the series without dextrose they ran 96, 95 and 87, 
whereas with dextrose the same concentrations of nitrate induced the values of 
97, 90 and 83. It would appear that the consumption-accumulation factor 
was acting again. 

We have about the same condition prevailing in the Sierra sandy loam. 
No marked difference with regard to the combined action of these materials 
upon ammonification of dried blood is to be noted until high concentrations 
of sodium nitrate are present. As in the above soil dextrose again lessens the 
accumulation of ammonia at the highest concentrations of sodium nitrate. 

The influence of the combined action of sodium nitrate and dextrose on the 
ammonification of dried blood in the Norfolk sandy loam and the Muck soil 
is not different from that of sodium nitrate alone upon the simplification of 
this material. It will be remembered that dextrose in itself was stimulating; 
likewise, sodium nitrate in large quantities. The combined quantities of the 
two do not show any stimulation to speak of over the untreated portions. 
Thinking, however, that too little nergy had been supplied, the series. was re- 
peated with, the use of a larger amount, 0.5 per cent. The results were of the 
same nature as previously described. 

Interpreted in terms of soil fertility, this series of experiments seems to 
indicate that in some soils, having an abundant supply of energy-producing 
materials, nitrate of soda would so influence biological activities that they, 
would secure a considerable portion of the simplified protein, and the plants 
would suffer accordingly. Moreover, it seems to indicate very strongly that 
the lack of stimulation is not due to the absence of carbohydrate as was origin- 
ally surmised. 

Series 4. The influence of sodium nitrate upon the ammonification of dried 
blood in combination with acid phosphate 

It will be remembered that the amount of phosphoric acid in dried blood is 
about one-half of that present in cottonseed meal. Thinking that nitrate of 
soda would stimulate the amponification of dried blood or cottonseed meal to 
a greater extent if more available phosphorus was present, another series of 
experiments were set up, adding acid phosphate containing 14 per cent of 
available phosphoric acid to the soil in amounts from 10 to 250 mgm. The 
same dried blood and method of study were usetfchroughout this series. A pre- 
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liminary experiment was first set up to determine the influence of phosphoric 
acid upon the ammonification of dried blood and cottonseed meal before add- 
ing the nitrate of soda, the results of which are given in tables 7 and 8. An 

TABLH^ 


% The influence of acid phosphate upon the ammonification of dried Mood 



ACID 

PHOS- 

PHATE 

CARRINGTON LOAM 

u jjj 

NORPOLK SANDY LOAM 

i * 

1 u 

fig 

Kg 
8k 
* 2 

S H 

ft 

PENN CLAY LOAM 

35 

ae 

Kg 

|i 

SOIL 

PORTION 

Z 

1 

2 

. Z 

1 

2 

Average 
mgm. N 

Kg 

ft 

Z 

i 

1 * 

z 

1 

2 

vZ 

u ® 

z 

a 

to 

2 

8 

tc 

vZ 

s a 

<0 


per cent 













1-2 

None 

107.53 

108.57 

108.05 

100 

49.41 

49.75 

49.63 

100 

54.45 

54.45 

54.45 

100 

3-4 

0.010 

,112.05 

116.18 

114.12 

105 

57.24 

54.63 

55.93 

112 

57.42 

57.93 

57.67 

106 

5-6 

0.025 

112.57 

115.85 

114.20 

105 

58.46 

57.82 

58.14 

117 

62.64 

61.69 

62.17 

112 

- 7-8 

0.050 

115.71 

117.62 

116,66 

108 

62.64 

63.51 

63.07 

127 

60.90 

59.86 

60.38 

no 

9-10 

0.100 

126.32 

1123.54 

1124.93 

115 

67.86 

i 67.86 

67.86 

1 136 ! 

63.33 

! 64.03 

63.68 

117 

11-12 

0.250 

128.76 

,128.60 

1 

128.68 

119 

86.05 

| 86.05 

[ 86.05 

179 ! 

75 60 

72.03 

73.81 

135 



SIERRI 

i SANDY LOAM • 

ll 

E 2 

WOOSTER SILT 

LOAM 

Is 

sg 

*g 

W H 

MUCH SOIL 

jijj 

SOIL 

PORTION 

ACID 

PHOS- 

PHATE 

z 

e 

a 

Z 

g 

2 

Average 
mgm . N 

z 

s 

2 

z 

g 

2 

Average 
mgm. N 

Z 
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1-2 

None 

111.88 

113.10 

112.49 

100 

95.57 

94.79 

95.68 

100 

87.00 

87.00 

87.00 

100 

3-4 

0.010 

112.10 

113.44 

112.77 

100 

100.92 

102.66 

101.79 

105 

91 .07 

88.74 

89.90 

103 

5-6 

0.025 

106.58 

108.75 

107.66 

95 

101.61 

99.18 

100.38 

104 

90.48 

90.48 

90.48 

104 

7-8 

0.050 

118.32 

121.80 

120.06 

106 

104 40 

111.36 

107.88 

112 

94.48 

96.41 

95.94 

110 

9-10 

0.100 

124.75 

122.67 

123.71 

108 

116.58 

113.79 

115.18 

120 

94.78 

94.94 

94.41 

109 

11-12 

0.250 

112.92 

113.10 

113.01 

100 

109.96 

113.48 

111 72 

115 

102.13 

103.35 

102.74 

118 


TABLE 8 


The influence of add phosphate upon the ammonification of cottonseed meal 




CARRINGTON LOAM 

4 0 

i 

PENN CLAY 

LOAM 

a a 

«« 

SIERRA 

sandy 

LOAM 

• 'A ' 

SOIL 

ACID 

£ 


i v z 

| HO 

z 

Z 

| vZ 

l Hp 

! z 

z 

vZ 

H O 

PORTION 

phosphate! 

8 

se 

2 

1 

2 

£ g 

Si 

« H 

i 

. 2 

i 

a 

. 

|s 

Ss 

U H 

P. 

E 

I ^ 

a 

tm 

i 2 

§ a 
<e 

C J 

Q h 
ft. 


per cent 





1 




i 


! 


i-2 

None 

51.60 

51.20 

51.40 

100 

34.40 

34.60 

34.50 

100 

172.20 

70.10 

71.15 

100 

3-4 

0.010 

53.34 

52.40 

52.80 

101 

35.00 

35.00 

35.00 

100 

73.40 

70.20 

71,80 

100 

5-6 

0.025 

54.60 

56.60 

55.60’ 

104 1 

34.40 

34. 80 1 

34.60 

100 

|69.00 

69.60 

69.30 

98 

7-8 

0.050 

52.60 

51.00 

51.80 

100 

34.40 

35.40 

34.90 

100 

76.00 

76 00 

76.00 

107 

9-10 

0.100 

60.00 

56.20 

58.10 

112 

34.40 

34.80 

34.60 

100 

72.60 

77.20 

74.90 

105 

11-12 

0.250 

61.60 

58.40 

60.00 

114 

34.40 

34 . 80 : 

34.60 

100 

68.00 

71.00 

69.50 

98 


examination of the tables shows us that in every case applications of acid 
phosphate increased the ammonification of dried blood. In the Norfolk 
-sandy loam an increase of over 79 per cent is to be noted due to the highest 
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amount applied, 25 gm. Likewise in all of the other soils there are increases 
over no treatment varying from 15 per cent in the Wooster silt loam, to 18 
per cent in the Muck, 19 per cent with the Carrington loam, and 35 per cent 
in the Penn loam. At the same Uncentration in the Sierra sandy loam a 
depressed activity from the maximum occurred. It would seem then that 
perhaps a lack of phosphates might be one of the factors limiting the production 
of ammonia in series 1. This would appear all the more reasonable when we 
examine the influence of acid phosphate upon the ammonification of cotton- 
seed meal. The soils used to test the effect of cottonseed meal and acid phos- 
phate were the Sierra sandy loam, the Penn clay loam and the Carrington 
loam. In these three soils the only one in which the ammonification of cotton- 
seed meal was stimulated to any extent at all was the Carrington loam and 
this took place only at the higher concentrations. In* no case, however, was 
the reaction as large as that taking place with dried blood and acid phos- 
phate. In the Penn clay loam absolutely no increase over no treatment is 
to be seen. No toxicity was noted in the Sierra sandy loam at this time, as 
was the case with dried blood and acid phosphate. Taken by and large, the 
influence of acid phosphate upon the ammonification of cottonseed meal 
would tend to strengthen the feeling that lack of phosphates was the reason 
why sodium nitrate did not influence the degradation of dried blood to a 
greater extent. 

■ However, in order to test the theory out another series of experiments 
were made. On account of the fact that acid phosphate did not stimulate 
the simplification of cottonseed meal, the experiment was confined solely to 
the influence of sodium nitrate upon the ammonification of dried blood in the 
presence of phosphates. Three types of soil were used, the Penn clay loam, 
the Sierra sandy loam and the Muck soil. The amount of add phosphate giv- 
ing the highest stimulation in the preliminary experiments was supplied to 
each tumbler with 2 gm. of the same dried blood. Sodium nitrate was then 
added in amounts equivalent to 50 to 10,000 pounds on the acre basis. The 
water content was made up to 50 per cent of the water-folding capacity and 
the contents of the tumblers incubated at 20 to 22°C. for 5 to 6 days. At 
the end of that time they were analyzed for ammonia as before described. In 
the untreated portion the ammonia accumulation in the Penn clay loam was 
59.50 mgm., in the Sierra sandy loam 120.40 mgm. and in the Muck soil 96.57 
mgm. No deviation from this figure was to’be seen in any of the soils when 

■ sodium nitrate was added as a limiting factor. As the data are of a negative 
character it is not deemed advisable to include a table at this point. It would 
seem, then, that sodium nitrate is not aided in its action by an abundant 
supply of phosphates. 

* Perhaps, however, a smaller amount of phosphates or some other materials, 
such as potash would aid the action of this fertilizer. 
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Series 5. Tke influence of potash upon the ammoniflcation process 

In order to determine whether potash in itself is of importance for the am- 
monifying group, series 5 was instituted The beaker method was used as 
before, with dried blood as the ammonifiable material. As potassium chloride 
is probably the most widely used of all the potash carriers, this salt was used in 
concentrations from 0.01 to 0.25 per cent. Four types of soil were used; the 
Sierra sandy loam, the Carrington loam, the Penn clay loam and the Muck 
soil. The incubation and subsequent analysis were carried out as usual. 

TABLE 9 


The influence of potassium chloride upon the ammoniflcation of dried blood 


son. 

£C1 

carrIngton loam 

PEE CENT 

PENN CUT LOAM 

PER CENT 
RELATION 








portion 

Mgm. N 

Mgm. N 

Average 
mgm. N 

TO CHECK 

Mgm. N 

Mgm. N 

Average 
mgm. N 

TO CHICK 


par cent 









1-2 

None 

126.54 

127.42 

126.98 

100 

59.96 

60.19 

60.07 

100 

3-4 

0.010 

125.85 


125.85 

99 

■ 60.87 

57.00 

58.93 

' 98 

5-6 

0.025 

126.54 

124.93 

125.73 

99 

59.28 

57.91 

59.09 

99 

7-8 

0.050 

126.54 

126.60 

126.57 

100 

60.87 

61.09 

60.98 

* 101 

9-10 

0.100 

121.29 

119.70 

120.49 

94 

61.56 

61.56 

61.56 

102 

11-12 

0.250 

118 56 

117.42 

117.99 

93 

54.72 

51.30 

| 53 01 

88 

PORTION l 


Stem SANDT LOAM 

PER CENT 

MUCK SOIL 

PER CENT 

RELATION 


KC1 

Mgm, N 

Mgm. N 

Average 
mgm. N 

REL AT ION 
TO CHECK 

Mgm. N 

Mgm, N 

Average 
mgm, N 

TO CHECK 


per cent 








100 

1-2 

None 

128.30 

124.26 

128.26 

100 

100.12 

98.49 

99.30 

3-4 

0 010 

131.55 

130.41 

130.98 

103 

103.50 

103.94 

103.67 

104 

5-6 

0.025 

132.24 

131 : 10 

131.67 

104 

98.04 

100.87 

99.45 

100 

7-8 

0.050 

133.86 

131.58 

132.72 

105 

105.56 

105.12 

105.34 

105 

9-10 

0.100 

125.85 

123.80 

124.82 

98 

103.50 

103.28 

103.39 

104 

11-12 

0.250 

93.98 

93.98 

93.98 

79 

99.18 

99.85 

99.51 

100 


The effect of KC1 upon the ammonification of dried blood, as given in table 
9, will be considered first. It will be seen that potassium chloride had little 
or questionable stimulative effect upon the cleavage of dried blood nitrogen 
In the Carrington loam no stimulation at all is to be noted. With amounts 
present equal to 0.01 and 0.025 per cent a depression is noted m the ammonia 
accumulation. Likewise, in the Penn loam and Sierra sandy oam toxicity 
is evident at a concentration of 0.25 per cent. On the other hand appreciable 
ammonia increases are to be noted as the effect of this salt in sma 1 concentra- 
tions in the California and Muck soil. This is to be expected, for the Cali- 
fornia soil is not as yet in a far enough advanced stage of decomposition to 
furnish all the potash needed, either for the plants or microorgamsms. Mu k 
soils are notoriously pqor in total potash. Consequently, a response would 
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naturally be anticipated from the application of potash to these soils. The 
responses to potash in these two soils and the lack of any response in the other 

two soils cannot account for the lack of stimulation in series 1. To state the 

#■ 

matter in other terms, we could hardly expect potash to benefit the action of 
sodium nitrate if it in itself cannot increase the degration of the protein mole- 
cule. Parenthetically, it may be pointed out that KC1 is greatly more toxic 
than equal quantities of sodium nitrates. 

The above work was duplicated with cottonseed meal as the source of 
organic matter. The data are given in table 10. In every soil KC1 produced 
some kind of a reaction upon the ammonifying flora. In the Sierra sandy 

TABLE 10 


* The influence of potassium chloride upon the ammnification of cottonseed meal 


son. 

l 

KC1 

1 

CARRINGTON LOAM 

PER CENT 

PENN CLAY LOAM 

per cent 

PORTION 

Mum. N ! 

Mgm. N ! 

Average 
mgm. N 

RELATION 
TO CHECK 

Mgm. N 

Mgm. N 

Average j 
mgm.N 

TO CHECK 


ptr cent 









1-2 

None 

74.55 

71 13 

72.84 

100 

54.72 

54.72 

54.72 

100 

3-4 , 

0.010 

67.44 

66.57 

67.00 

92 

58.56 

60.87 

59.71 

108 

5-6 

0 025 

75.69 

75.69 

75.69 

103 

58.14 

58.37 

58.25 

106 

7-8. 

0.050 

81.17 

81.39 

81.28 

111 , 

52.66 

51.85, 

52.25 

95 

9-10 

0.100 

81.86 

79.11 

80.48 

107 

53.05 

51.52 

52.28 

, 95 

11-12 

0.250 

86.60 

84.81 ! 

85.70 

115 ! 

52.44 

; 52.44 

52.44 

95 

son. 

KCI ' 

SIERRA SANDY LOAM 

PER CENT 

MUCK SOIL 

PER CENT 

PORTION 

Mgm. N 

Mgm. N 

Average 
mgm. N 

RELATION , 
TO CHECK 

Mgm. N 

Mgm. N 

Average 
mgm. N 

RELATION 

TO CHICK 


per cent 









1-2 

None 

86.64 j 

85 50 

86.07 

100 

88.79 

88.84 

'88.61 

100 

3-4 

0.010 

84.36 


84.36 

98 

87.69 

87.69 

87.69 

99 

5-6 

0 025 

85.95 

82.08 

84 01 

98 

89.14 

i 89.36 

89.25 

100 

7-8 

0.050 

79.35 

80.48 

79 91 1 

93 

90.90 

91.94 ! 

91.42 

| 103 

9-10 

0.100 

72.96 

72.96 

72.96 | 

84 1 

95.76 

94.16 | 

94.96 

107 

11-12 

1 

0 250 

i 

63.80 

1 

63.58 

63.69 

! 

74 

1 

89.60 

89.82 

l 

| 89.71 

; 100 


loam a decided toxic effect was produced because of the presence of all con- 
centrations of this salt. This is in contradistinction to the effect of RC1 upon 
the ammonification to dried blood. With the other three soils a stimulative 
influence is to be seen in nearly every case. The soil the most benefited 
seemed to be the Carrington loam, an increase of over 15 per cent above no 
treatment being registered at the highest concentration of salt employed. 
In this experiment no toxicity was noted with this soil. 

The Penn loam soil exhibited a stimulated action with small quantities of 
the salt. Larger quantities, however, depressed the activities of the ammoni- 
fying flora. 
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In the muck soil also a slight enhanced effect is present in concentrations 
around 0.025 per cent. However, if we remember the large stimulative action 
that sodium nitrate produced upon the ammonification of cottonseed meal 
in series 2 it does not appear that potassium could have been much of a factor. 
Koch (89) also has come to a similar conclusion. 

Thinking that perhaps single applications did not permit satisfactory pro- 
cedure in studying the influence of a material, and that a balancing up of the 
nutrients was needed to obtain better effects from the fertilization with sodium 
nitrate, another series of experiments were carried out. 


Series 6. The influence of various proportions of sodium nitrate , acid phosphate , 
and potassium chloride upon the ammonification of dried blood 
and cottonseed meal 

In preparing this series an attempt was made to include as large a number 
of proportions of the three fertilizing materials as possible. This was brought 
about by the use of the triangular diagram as used by Schreiner and Skinner 
(169). It has been shown by these investigators that variations in the propor- 
tions of three salts by increments of one-tenth of the total concentration will 
produce a series of 36 separate ratios. A graphic scheme showing the manner 
in which this series was handled is given in figure 1. 

Each side of an equilateral triangle is divided into seven equal parts and lines 
drawn through each point in the division so obtained parallel to each of the 
other two sides of the triangle. Each of the original points and each of the 
intersecting lines represents a distinct and separate culture. All the cultures 
on the base line of the triangle have one-tenth of the total fertilizer in the form 
of sodium nitrate, in the line above two-tenths and so on to the top of the 
triangle which has eight parts of sodium nitrate. The first culture at the 
base line of the triangle has one-tenth of its total fertilizer concentration in the 
form of acid phosphate and the second culture two-tenths and so on to the 
opposite side of the triangle. Thus the eight cultures at the base of the 
triangle have from one-tenth to eight-tenths of the total fertilizer apphcations 
in the form of acid phosphate. Proceeding from the right to the left side of 
the triangle the partial concentration of potassium chloride m each culture 
increases in a similar manner as that followed by acid phosphate passing in 
the opposite direction. Thus the eight cultures in the first row have from 
one-tenth to eight-tenths of their total fertilizer concentration m he form of 
acid phosphate and from eight-tenths to one-tenth in the form of potassium 
chloride, with sodium nitrate making up theremaming c ^ nctn ^ ' 

Each side of the triangular diagram may then be called an aC ^.J 
side, a potassium chloride side and a sodium nitrate si e, re ^ * 
iff usL such a diagram it is necessary to start with some arbitrary con- 
centration; after due deliberation a concentration of one ^ 
was chosen, this concentration being more often than not reach^i 
practices. The method of carrying out this experiment was as Mows. 
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One hundred grams of soil were weighed into tumblers and organic matter weighed into 
them as the occasion might warrant. The three salts were then weighed into them in accord- 
ance with that already described, 36 distinct ratios and a no treatment portion being set 
up, the effects of the single elements themselves having been previously noted. The salts 
and organic matter were thoroughly mixed into the soil and moisture added equal to 50 per 
cent of the water-holding capacity. They were then covered with a glass plate and incubated 
for 6 days at 20 to 22°C. At the end of this time the cultures were analyzed for ammonia 
in the usual way. However, in order to overcome the time element, it taking some ten hours 
to complete an experiment of 74 cultures, a scheme was worked out whereby the cultures 
were analyzed in a definite out-of-order manner. 



One Part Na^Oa 


Fic. 1. Diagram Showing the Proportions of the Three Fertilizers, NaNO», Acid 
Phosphate, and KC1. 

The first experiment was carried out in the Sierra sandy loam with dried 
blood as the organic matter. The data accruing from this experiment are 
given in table'll. Column two gives the proportions in numerical values. 
The values of the specific ratios, the untreated soil being taken as 100 per cent, 
also are tabulated. . * 

An examination of table 11 shows us that the various proportions of fertilizer 
carriers all affect the ammonification of dried blood somewhat differently* 
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Considering first those proportions which give the greatest increases over the 
untreated soils it will be seen that with an increase in the quantity of acid 
phosphate in the ratio there is, without any exception, a higher accumulation 
of ammonia. Comparing also the action of acid phosphate in a complete 
fertilizer mixture with its action when supplied singly, one finds that the 


TABLE 11 


The influence of the various proportions o] NaNQ h acid phosphate and KCl upon the 
ammoni’fication of dried blood in Sierria Sandy loam 



PROPORTIONS 


son. PORTION 

NaNOj 

Acid 

phosphate 

KCl 

73-74 

1-2 

1 

1 

8 

3-4 

1 

2 

7 

5-6 

1 

3 

6 

7-8 

1 

4 

5 

9-10 

1 

5 

4 

11-12 

1 

6 

3 

13-14 

1 

7 

2 

15-16 

1 

8 

1 

17-18 

2 

1 

7 

19-20 

2 

2 

6 

21-22 

2 

3 

5 

23-24 

2 

4 

4 

25-26 

2 

5 

3 

27-28 

2 

6 

2 

29-30 

2 

7 

1 

31-32 

3 

1 

6 

33-34 

3 

2 

5 

35-36 

3 

3 

4 

37-38 

3 

4 

3 

39-40 

3 

5 ‘ 

2 

4M2 

3 

6 

1 

43-44 

4 

1 

5 

45-46 

4 

2 

4 

47 48 

4 

3 

3 

49-50 

4 

4 

2 

51-52 

4 

5 

1 

53-54 

5 

1 

4 

55—56 

5 ■ 

2 

3 

57-58 

5 

3 

2 

59-60 

5 

4 

1 

61-62 

6 

1 

3 

63—64 

6 

2 

2 

65-66 

6 

3 

1 

67-68 

7 

1 

2 

69-70 

7 

2 

1 

71-72 

8 

1 

1 


ACCUMULATION OP AMMONIA 


Mgm. N 


Average 
mgm. N 


Mgra. N 


110.80 

105.00 

111.30 

121.80 * 

127.12 

126.12 
131.18 

133.80 

140.00 

105.56 

116.90 

117.60 

125.58 
123.20 
# 131.88 

136.88 
107.64 
114-52 
116.48 

125.30 

124.88 

128.80 
113.54 

119.00 

117.60 
129.22 

120.96 

113.88 

119.00 

117.60 

119.56 

111.44 

117.12 
119.84 

112.28 

112.28 

117.88 


109.44 

107.52 

112.56 

120.66 

123.90 

123.48 

135.80 

138.60 
113.40 
119 00 

117.60 

125.58 

127.96 

131.88 

112.98 

112.00 

114.80 
127 10 

124.00 

129.08 

112.28 

120.96 

119.98 
123.62 

124.08 

105.28 

116.90 

117.88 
120.68 

111.44 
117.54 
121.10 

112.28 

115.50 
116.76 


110 12 
106 26 
112.93 
12133 

125.51 

126.12 
127.33 

134.80 

139.30 
109 48 
117.95 
117 60 

125.58 
125.53 

131.88 

136.88 

110.31 
113.26 
115.64 
126 20 
124.40 
128.94 

112.91 

119.88 
118.79 
121.42 

122.52 

109.58 
117.90 
117.74 

120.12 

111.44 
117.33 
120.47 

112.28 

113.89 

117.32 


PER CENT 
SFJATION TO 

nrenc 


100 

96 

102 

110 

113 

114 

115 
122 
125 

99 
107 

107 
113 

113 
119 
124 

100 
102 
105 

114 
113 
117 
102 

108 
. 107 

110 

111 

99 

107 

107 

109 

101 

107 

109 

101 

103 

107 
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presence of sodium nitrate and potassium chloride has greatly benefited the 
action of this fertilizing material. In the previous series where acid phosphate 
alone was added to the soil in testing out its effect upon the ammonification 
of dried blood, it was found that a concentration of 0.10 per cent increased 
the simplification of the organic matter some 6 per cent. However, the same 
amount of fertilizer having one-half the concentration in the form' of acid 
phosphate and the remainder in the form of sodium nitrate and potassium 
chloride, in various proportions, enhanced the degradation of the protein 
molecule some 15 per cent above the untreated soil. Even in the presence 
of 0.03 per cent of acid phosphate, which when applied alone stimulated activity 
only slightly, and 0.07 per cent of various proportions of sodium nitrate and 
potassium, a 10 per cent greater activity is to be noted. Applied singly, acid 
phosphate, at a concentration of 0.1 per cent, stimulated the ammonification 
of dried blood some 8 per cent; with the same concentration of acid phosphate 
and one part, respectively, of sodium nitrate and potassium chloride, an en- 
hanced effect of three-fold this was experienced, although these last two 
materials gave very little reaction when applied singly. It will be seen that 
potassium chloride is toxic at the higher concentrations, which is in keeping 
with its action when supplied alone. 

If we take the proportions where potassium chloride remains constant and 
acid phosphate and sodium nitrate increase and decrease simultaneously, as 
the total concentration is approached, we find with a decrease in the acid phos- 
phate, a corresponding decrease in the ammonia accumulation. Thus, with 
a ratio of 1-8-1 an enhanced activity of 25 per cent above the untreated portion 
occurs, whereas, when the ratio reaches 8-1-1 an activity of only 7 per cent 
is to be seen; with a gradual decrease between these extremes, showing with- 
out a doubt that acid phosphate is the most important material in the mixture. 

In this experiment the greatest enhanced activity was manifested with a 
proportion of 1-8-1 and the least with 1-1-8. 

Duplicating the above experiment in the Wooster silt loam, we find a similar 
set of conditions. The highest stimulation was again found in the 1-8-1 ratio. 
Making the amount of acid phosphate a constant and increasing and decreasing 
the sodium nitrate and potassium chloride, we note that at high concentrations 
of potassium chloride a toxic condition is produced again. Increasing the 
amounts of acid phosphate seems to stimulate the ammonification of the dried 
blood and the presence of both sodium nitrate and potassium chloride 
enhances the action of acid phosphate. 

In both of these experiments neither sodium nitrate nor potassium chloride 
seems to increase greatly the ammonification of dried blood when present in 
any proportion other than in toxic quantities. Even acid phosphate added 
in small amounts to these proportions fails to enhance the process. On the 
other hand, however, acid phosphate seems to create a much greater ammoni- 
fying flora when its action is balanced by various quantities of sodium nitrate 
and potassium chloride. 
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Another experiment was run, cottonseed meal being used as the am muni li- 
able material. The results are not suitable for tabulation. It may be said 
in passing that they strongly indicate that acid phosphate and potassium 
chloride are of little importance for the ammonification of this material. 
Sodium nitrate increased the ammonification of cottonseed meal in a manner 
similar to its action when applied singly. 


TABLE 12 


Tkf influence of various proportions of NaNO h acid phosphate and KC l upon ammonification 
of dried blood in Wooster silt loam 


PROPORTION OF SALTS 


son. portion • 

NaNOi 

Acid 

phosphate 

73-74 

1-2 

1 

1 

3-4 

1 

2 

5-6 

1 

3 

7-8 

1 

4 

9-10 

1 

5 

11-12 

1 

6 

13-14 

1 

7 

15-16 

1 

8 

17-18 

2 

1 

19-20 

2 

2 

21-22 

2 

3 

23-24 

2 

4 

25-26 

2 

5 

27-28 

2 

6 

29-30 

2 

7 

31-32 

i 3 

1 

33-34 

3 

2 

35-36 

3 

3 

37-38 

3 

4 

39-40 

3 

5 

41-42 

3 

6 

43-44 

4 

1 

45-46 

4 

2 

47-48 

4 

3 

49-50 

4 

4 

51-52 

4 

5 

53-54 

5 

1 

55-56 

5 

2 

57-58 

5 

3 

59-60 

5 

4 

61-62 

6 

1 

63-64 

6 

2 

65-66 

6 

3 

67-68 

7 

1 

69-70 

7 

2 

71-72 

8 

1 | 



ammonia accumulation 

PERCENT 
RELATION TO 
CHECK 

KCl 

Mgm. N 

Mgm. N 

Average 
mgm. N 


86.80 

86.80 

86.80 

100 

8 

84.00 

85.12 

84 56 

97 

7 

86.52 

86.24 

86.38 

100 

6 

86.94 

87.50 

87.22 

101 

5 

91 98 

86.94 

89.46 

103 

4 

101.08 

100 24 

100.16 

115 

3 

102.79 


102.79 

117 

2 

105.60 

96.88 

101.24 

115 

1 

105.60 

102.77 

104.18 

120 

7 

86.80 

82.46 

84.63 

97 

6 

88.20 

87 78 

87.99 

102 

5 

91.14 

92.12 

91.63 

105 

4 

91 00 

89.74 

90.37 

104 

3 

93.80 

95.48 

94.64 

109 

2 

1 

95.34 

96.60 

95.97 

110 

105.00 

101 92 

103.46 

119 

6 

88.48 


88.48 

101 

5 

89.60 

89.88 

89.73 

103 

4 

88 48 

92.69 

90.53 

104 

3 

88.20 

90.58 

89.39 

101 

2 

1 

98.08 


98.08 

113 

102.84 

106.10 

104.47 

120 

5 

75.78 

75.00 

75.39 

86 

4 

85.82 


85.82 

99 

3 

84.28 

84.28 

84.28 

97 

2 

90.16 

92.97 

91.55 

105 

1 

95.20 

96.74 

95.97 

110 

4 

82.88 

82.88 

82.88 

95 

3 

86.20 

88.20 

87.00 

101 

2 

94.78 

97.30 

96.04 

110 

1 

93,24 


93.24 

107 

3 

89.05 

86'. 38 

87.71 

100 

2 

89.32 

87.64 

88.48 

104 

1 

89.88 

90.30 

90.09 

104 

2 

84.00 

84.00 

84.00 

96 

1 

88.48 

88.48 

88 00 

102 

1 

87.22 

! 

87.22 

101 
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Series 7. The influence of alkaline sail conditions upon the action of sodium 
nitrate in the ammonification of dried blood and cottonseed meal 

Perhaps the action of sodium nitrate upon the ammonification process might 
be different under alkaline conditions. To test this out another series of ex- 
periments were set up, the beaker method being used as previously described. 
In making the soil alkaline enough calpium oxide (C. P.) was added to the 
soil to neutralize the acidity and leave an excess present equal to 2000 pounds 
per acre. Although the effect of sodium nitrate in alkaline soil conditions 
was studied on four soil types, viz., the Carrington loam, Norfolk sandy loam, 
Penn clay loam and Wooster silt loam, only its effect on the two most acid 
soils are given. 

It will be seen from an examination of tables 13 and 13a that, although lime 
increased the activity of the soil microorganisms, it did not create conditions 
favorable for nitrate of soda to stimulate the ammonification of organic matter 
in either of the two soils. In fact, alkaline conditions seem to diminsh the 
stimulating influence that sodium nitrate exhibits in the same soil, and with 
the same organic matter in an acid condition. 

Moreover, what is very striking is the effect that an alkaline condition in- 
duces with regard to the ammonification of cottonseed meal, as influenced by 
various quantities of sodium nitiate. 

It will be remembered that in series 2, the ammonification of cottonseed meal 
was very largely enhanced by the presence of NaNCb. In this series, however, 
the influence of sodium nitrate is very meager indeed, manifesting itself only 
at the highest concentrations, and then only to a very slight degree. This 
fact is also very evident when we consult the data recording the action of 
sodium nitrate in the limed Carrington loam. In series 2, small amounts of 
sodium nitrate gave us as great an activity as ten times this amount in this 
experiment. In the former series the highest stimulated activity was 43 per 
cent over that of the untreated soil. In this series the greatest enhanced 
effect is not over 10 per cent above the untreated. 

The toxic influence of sodium nitrate is not quite so marked in the presence 
of lime as can be seen by comparing the respective ammonia accumulations 
at the highest concentrations in both series. The effect of lime in overcom- 
ing the toxic effect of single salt applications has been previously shown by 
Kearney and Cameron (29), Hansteen (62), Loeb (113), and Oesterhout (131). 

As an explanation of the phenomena in this series we may advance several 
theories. In the first place we may conceive of the combined action of 
sodium nitrate and calcium oxide so increasing cell division that although there 
was a marked degradation of the protein the ultimate accumulation would be 
lowered, because ’of the fact that it might be used as a source of food and 
energy. 

We know also from the work of various investigators such as Faelli (34), 
Hall (59), Marchal (123) and Raraann (145), that acid soils may have an ea- 
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tirely different flora from that of alkaline soils. These investigators tell us 
that acid-soils have a much greater proportion of fungi to bacteria than alkaline 
soils. Brown (11), Engberding (33) and von Feilitzen (36) have taught us that 

TABLE 13 


The influence of sodium nitrate upon the ammoniflcation of dried blood in limed soils 


son. 

PORTION 

POUNDS 
PER ACRE 

NaNO, 

WOOSTER SILT LOAM 

PERCENT 
RELATION 
TO CHECK 

CABJUNOTON IDA 

U ■ 

. 

lation 

PER CENT 
RELATION 
TO CHECK 

Ammonia Accumulation 

Ammonia Accurnu 

Mgm. N 

Mgm. N 

Average 
Mgm. N 

Mgm. N 

Mgm. N 

Average 
Mgm. N 

1-2 

None 

82.45 

81.90 

82.17 


139.91 

138.89 

139.40 



None 










+ 









3-4 

lime 

104.58 1 

105.28 

104.93 

100 

158.10 

158.60 

158 35 

100 

5-6 

100 

100.98 

103.19 

102 08 

98 

158.10 

159.50 

158.80 

100 

7-* 

300 

104.21 

101.66 

102.93 

98 

161.16 

159.80 

160.48 

10) 

9-10 

500 

106.59 

106.27 

106.43 

102 

159.80 


159.80 

100 

11-12 

900 

106.23 

106.23 

106.23 

102 

154.70 

153.30 

154.00 

97 

13-14 

1,500 

109.33 

107.60 

108.46 

104 

159.90 

160.82 

160.36 

101 

15-16 

2,500 

i 93.90 

95.88 

94.89 

89 

158.10 

156.74 

157.42 

99 

17-18 

5,000 

i 87.04 

85.00 

81.02 

77 

153.17 

153.34 

153.25 

97 

19-20 

io,ooc 

1 71.06 

69.70 

70.38 

66 

144.88 

143.82 

144.35 

91 


TABLE 13a 


The influence of sodium nitrate upon the anmon^ationof cotUmed mod inlimd soils 


— — 


CARRINGTON LOAM 


WOOSTER SILT LOAM 

PER CENT 
RELATION 

TO CHECK 

SOIL 

PORTION 

POUNDS 
PER ACRE 

Ammonia Accumulation 

PER CENT 
RELATION 
TO CHECK 

Ammonia Accumulation 

NaNOi 

Mgm. N 

Mgm- N 

Average 
Mgm. N 


Mgm- N 

Mgm. N 

Average 
Mgm. N 



1-2 

None 

78.54 

83.30 

80.92 


61.54 

57.46 

59 50 


3-4 

None 









5-6 

7-8 

9-10 

11-12 

13-14 

15-16 

17-18 

19-20 

+ 

lime 1 
100 
300 
500 
900 

1.500 

2.500 
5,000 

10,00C 

89.44 
89.44 
93.50 
90.10 
96.22 
103.02 
96.39 
i 96.56 

1 95.52 

90.93 

90.93 

93.50 

92.48 

96.56 

101.46 

95.20 

93,16 

95.20 

90.18 

90.18 

93.50 

91.29 
96.39 
102.24 

96.29 
94.86 
96.36 

100 

100 

103 
101 
106 
113 
106 

104 

105 

69.87 

69.87 

68.85 
70.55 

67.15 

77.86 

76.16 
74.80 
72.76 

j 69.87 
68.00 
69.87 
69.36 
79.56 
73.44 
76.50 
72.76 

69.87 

69.87 

68.42 

70.21 

68.25 

78.71 

74.80 

75.65 

72.76 

1 100 

100 

99 

101 

95 

112 

108 

109 

106 
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the addition of vegetable organic matter of various kinds markedly affects 
the soil flora. It was shown that cottonseed meal and. like carbohydrate- 
carrying materials increase and alter both types and numbers to a great 
extent. Fungi in particular are greatly enhanced in their activity. 

Perhaps, then, the combination of an acid soil and cottonseed meal has pro- 
duced a flora mainly of a fungus character, stimulated in its activity by appli- 
cation of sodium nitrate. On the other hand, it is known that dried blood is 
more acceptable to bacterial activity in such a way that we can detect it by 
this method, or possibly not at all. If, now, we should make the soil alkaline, 
the activity of the fungi would be depressed and a higher proportion of bacteria 
would be present. Were sodium nitrate now applied one would expect a re- 
action similar to that in series 1, if our hypothesis is tenable. Such a phe- 
nomenon does actually take place with cottonseed meal, dried blood, calcium 
oxide and sodium nitrate, particularly with the former source of organic 
matter. It would seem that the decreased stimualtion in this series could be 
partially accounted for on this basis. 

However, in order to gain a more definite knowledge of the action of sodium 
nitrate upon soil microorganisms, per se y another series of experiments were 
set up to test the effect of sodium nitrate upon some pure cultures of soil 
microorganisms. 

• 

Series 8. The effect of sodium nitrate upon the activity of some pure cultures 
of soil microorganisms 

In studying the influence of sodium nitrate upon the activities of pure 
cultures of soil organisms the method as outlined by the author (20) in another 
publication was employed. Briefly, it consists of inoculating sterilized soils 
supplied with organic matter, with pure cultures of the organisms to be tested 
and measuring their activity as usual by means of the ammonia accumulation. 

In this series cottonseed meal was used, as the stimulation was previously 
obtained with this material. Ten soil fungi and six soil bacteria were tested 
out. The Actinomyces , being very weak or non-ammonifying organisms, were 
eliminated. [Consult Waksman and Curtis (213).] 

The data showing the influence of sodium nitrate upon the ammonifying 
efficiency of the soil fungi tested are given in table 14. The organic matter 
used was cottonseed meal and the soil the Norfolk sandy loam. Sodium ni- 
trate was supplied in amounts ranging from 10 to 250 mgm. per 100 gm. of soil. 

It will be seen from an examination of table 14 that soil fungi vary consider- 
ably with regard to their response to sodium nitrate. The organism showing 
the greatest response to applications of this salt is Aspergillus niger , an appli- 
cation of 500 mgm. of the fertilizer stimulating its activity 64 per cent over the 
untreated portion. Aspergillus bobili, Fusarium bullatum and PenicUlium 
notatum were all very favorably influenced by quantities of the salt up to 250 
mgm. All the fungi with the exception of Aspergillus niger and Aspergillus 
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bobili were affected adversely by additions of 0.5 per cent of sodium nitrate. 
PenicilHum lividum, Monilia sitophila, Mucor spinosis , PenicUlium sp. } Rhiz- 
opus tritica and Zygorhynchus Vuillentinii were either benefited only slightly 
or not at all by applications of the salt. None of the organisms, however, gave 
anywhere nearly as much response to sodium nitrate as was evidenced in the 
crude culture work. 

Turning our attention to the action of sodium nitrate upon the activities 
of some common soil bacteria we also find a stimulating effect in nearly every 
case. The greatest stimulation is to be seen in the experiment with Bacillus 
subtilis , and the least with Bacillus megalemim. In part this latter organism's 
activity is greatly decreased by application of sodium nitrate. A fact of im- 
portance to be noted is that sodium nitrate is much more harmful to soil 
bacteria in higher concentrations than to soil fugi. 

Considering both groups of organisms, the fungi seem to be more favorably 
influenced by applications of sodium nitrate than the soil bacteria studied, a 
fact which would strengthen our hypothesis put forth in the last series of 
experiments. 

In order to see just how far the accumulation-consumption theory is tenable, 
a new series of experiments were instituted as described in the following 
paragraphs. 

Series 9. A study of ammonia accumulation versus protein simplification 
as a factor in ammonijication studies 

In ammonification studies we use as our standard of measure the accumula- 
tion of a material readily used by microbial life. Necessarily the amount of 
material accumulating depends almost entirely upon the excess remaining 
after the microorganisms have become satiated. In fact, it has been shown, 
that if the energy relations are right, we may get no accumulation of ammonia 
at all. This may be the case in the previous series where sodium nitrate did 
not increase the ammonia accumulation after a certain maximum has been 
reached. 

If we wish to eliminate this factor from our experiments, we must chose 
some other end point, one which will not be generally used by soil micro- 
organisms. The bacteriologist has several such processes at his command. 
He may use the accumulation of carbon dioxide as proposed by Van Suchtelen 
(199) and Potter and Snyder (143), or he may use the accumulation of Sulfate 
as outlined by Brown and Kellogg (13). Unfortunately, no satisfactory means 
for the carrying out of these two processes were at hand; consequently, some 
other method had to be devised. In developing such a method Kelley's (83) 
work on the hydrolysis of casein seemed to suggest a method whereby this 
assimilation factor could be eliminated. We know that casein is easily pre- 
cipitated from neutral solutions by means of weak acids. This fact allows 
us to develop a method for the study of the ammonia production and ammonia 
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consumption process. In other words, should we employ this as a source of 
ammonificable material we could eliminate the usual end point, ammonia, and 
instead use as a measure of activity what has remained behind unacted upon 
by the microorganisms. This can be carried out at certain specified intervals 
and in this manner the process may be studied periodically. 

table is 

The influence of sodium nitrate upon the ammonifying efficiency of soil bacteria 
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casein precipitated. The supematent liquid was then removed, the precipitate placed on a 
filter paper and washed free from acid with distilled water. Thfe precipitate was then put 
in a flask and digested with ether for 24 hours. At the end of this time the ether was re- 
moved by means of 95 per cent alcohol which at the same time removed any sugars, etc. 
Th*e casein was then dried over sulfuric acid in a water over at 100°C. 

The resulting product was not of the same nitrogen analysis as the theoreti- 
cal casein molecule, but was a marked improvement over the original material. 

In carrying out the experimentation proper, enough of this purified material was dissolved 
in dilute N/10 sodium hydrate to give 100 mgm. of nitrogen per 100 cc. of solution; 100-cc. 
portions were then placed in 200-cc. Erlenmeyer flasks and varying quantities of sodium 
nitrate added as shown in table 16. Five grams of fresh Norfolk sandy loam were used 
as inoculating material, the flasks thoroughly shaken and then allowed to incubate for various 
intervals of time. The Asein was precipitated from the' 100 cc. of solution by means of 

TABLE 16 

The. influence of NaNO* upon the ammonificaUon and hydrolysis of casein 
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1 per cent acetic acid. This was filtered off and the total nitrogen in the same determined. 
Likewise the filtrate was analyzed for ammonia by the mafbesium oxide method. The 
original solution of casein was precipitated and analyzed for total nitrogen and ammonia 
and the results calculated on the figures so obtained. It was likewise known that casein 
autohydrolyses. In order to take this into consideration an experiment was Set up without 
inoculation. Bacterial infection was eliminated by means of toluol. The figures r. suit- 
ing from the autohydrolysis have also been taken into consideration in calculating the results. 

In calculating the data the figures in the column headed u ‘Accumulation of 
ammonia” represent the ammonia found in the filtrate after the casein has 
been precipitated by acetic acid. The column headed “Casein hydrolyzed J 
gives the amount of casein not precipitated by acetic acid after a given interval 
of time and represents that portion which has been acted upon by microorgan- 
isms. It will be seen by consulting table 16 that as the casein is acted upon 
by biological processes it goes into non-precipitable forms. That is to say, 
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as the interval of time increases between the first and subsequent analyses, 
we have less casein in solution. On the other hand, we have a corresponding 
increase in the hydrolyzed portion, with the formation of amino-acids and 
ammonia. The experiment was run in duplicate and the results given are 
the average of two determinations. The duplicates checked well. 

It will be seen from a survey of table 16 that at the end of 24 hours very 
little action has taken place in the cultures. The untreated flasks have the 
greatest amount of casein hydrolyzed at this interval. At the end of 48 hours 
some marked changes have taken place in the various flasks. If \ve compare 
series 2 with the check flasks we find that no great change has taken place as 
a result of the presence of 10 mgm. of sodium nitrate. However, if we compare 
the third series with the untreated portion, we find that although the untreated 
portion is only slightly increased, the amount of casein hydrolyzed has in- 
creased very markedly. This is vastly out of proportion to the amount of 
ammonia accumulated if we conceive all the spilt ammonia as accumulating. 
It is very evident that something is happening which militates against the 
accumulation of ammonia. This is, likewise, true in the fourth and fifth 


series. 

At the end of 72, 96, 120 and 144 hours this is again true. Where there is 
an increase in ammonia due to the action of sodium nitrate over that accumu- 
lating in the untreated series, the amounts of casein hydrolyzed at any given 
interval, as compared with the untreated portions, is much greater in all cases, 
Larger amounts are'hydrolyzed earlier, with the higher concentration of the 
salt. 

Of especial notice is the phenomenon in series 5. Although the ammonia 
accumulation is not as large as is present in any of the treated series the amount 
of casein hydrolyzed is much greater. At the end of 72 hours although on y 
12.3 mgm. of ammonia accumulated, the amount of casein hydro yze is 
greater than that hydrolyzed in the untreated portion in 168 hours. It is also 
greater than that hydrolyzed in series 4 in 120 hours. 

It would seem then that the ammonia production-consumption theory was 
of great importance in afnmonification studies. 

We may, accept the theory that sodium nitrate does actually 
logical activities to such an extent that an increased l production * ammc ma 
does not necessarily take place, although in fact the ^erah^onoftte 
material has proceeded faster and to a greater extent. uc . g d h , * 
a new Question arises, namely, as to the ultimate fate of t» ge njnd kw 
soon it will again be available for plant growth. This question will be dis- 
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culture often gives returns much greater than can be accounted for by the 
quantity of plant-food actually supplied [Lipman (107)]. Moreover, it has 
been observed that the crop increase thus produced by nitrates may not be 
secured year after year, with ordinary applications, unless farm-yard manure 
or green manures be applied to offset the losses of organic matter and of nitro- 
gen from the soil. For this reason sodium nitrate is believed by many farm- 
ers to be only a soil stimulant, hastening the depletion of soil fertility. Now, 
this belief is evidently due to an imperfect understanding of the observed 
facts, for it must be maintained that nitrate of soda is the most valuable of our 
nitrogenous fertilizers, and just as truly a plant-food as any incomplete 
fertilizer. 

Where smaller returns of the nitrogen supplied as sodium nitrate are ob- 
served we may find an exhaustion, in the fact that there is some considerable 
conversion of applied nitrogen into protein forms for the microbial cell, 
resulting in a lesser quantity of nitrate being available for plant growth. 

It does not follow, however, that because the influence of sodium nitrate 
upon soil microorganisms is being studied entirely from the nitrogen stand- 
point, its application does not bear an important relation to the mineral 
elements of plant-food, i.e., K, P, Mg, Fe, S, and silicon. Potter and Snyder 
(143), Ramann (140), Van Suchtelen (199), have all reported data to show 
the influence of fertilizers on carbon-dioxide production in soils. In the 
degradation of the organic matter carbon-dioxide is liberated. An increase in 
ammonia production necessarily results in a greater amount of carbon dioxide. 
Remembering that carbon dioxide is an excellent solvent and must play an 
important r61e in the weathering of rock fragments, we receive a hint as to the 
possible influence of sodium nitrate in indirectly rendering available the 
mineral plant-food elements of the soil. The breaking down of the soil humus 
by bacteria is accompanied by the formation of various organic acids which 
also react on the constituents of the rock fragments. 

* 

Series 10 . Is the stimulating action of sodium nitrate due to the sodium or the 
nitrate portion of the molecvkf 

We must not leave the action of sodium nitrate upon the ammonifying group 
without first ascertaining whether its action is due to its sodium or its nitrate 
ions. 

Greaves (54) in his researches says that he has good reason to believe that 
the anion is the most influential part of the salt, the cation being only of minor 
significance. His work is based upon the ammonification of dried blood. In 
order to see if the same thing held true with regard to sodium nitrate upon the 
ammonification of cottonseed meal, another series of experiments was set up, 
employing the four sodium salts, NaCl, Na^COj, NaNOy and Na^SCh, with a 
constant amount of sodium, and the consequential variation ^of the anion. 
The beaker method was used and the soil was the Norfolk sandy loam. The 
results are given in table 17. 
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It is, quite evident from an analysis of the table that the acid radical is of 
much importance in regulating the ammonification of cottonseed meal . With 
increases in the amounts of all four salts are obtained corresponding increases 
in the amount of ammonia formed. The CCb ion seems to be the most toxic 
of the four anions, with the cholride next, and the nitrate and sulfate in the 
order named. Parenthetically, it may be pointed out that in only one case, 
that of Na 2 C 03 , was there any marked toxic influence present even at a con- 
centration of- 50,000 pounds per acre. 


TABLE 17 


The influence of the anion upon the ammonification of cottonseed meal 
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PART m 

The influence of sodium nitrate upon the nitrification process 

Of all the nitrogen compounds yet investigated nitrates are the best, and 
in natural conditions probably the only nitrogenous food for the non-legumi- 
nous plants. This probability takes form from the fact that most soils are 
supplied with two species of soil bacteria which rapidly transform the ammonia 
formed by the ammonfying organisms into nitrates, the process, in the broad 
sense, being termed nitrification. More specifically, however, it apjflies to 
the transformation of nitrite to nitrate by Nitrobacler. .In this text the term 
nitrification is used 'to describe the entire process of mineralization from 
ammonia to nitrate^. 

As this process is of the utmost importance for the nutrition of plants it is, 
therefore, of special significance to know just what the influence of additional 
nitrates would have upon the process. • 

Investigators have given us some insight into the action of sodium nitrate 
upon the nitrification process. For instance, Lipman and Brown (109) state that 
sodium nitrate markedly enhances nitrification. This also seems to be the 
impression one would get from the work of Sackett (159) and Wohltmann 
(226). Miyake (127), using the data of Lipman and Brown (109) and War- 
rington (214) proves mathematically that nitrification is an auto-catalytic 
reaction, i.e., the presence of the end point seems to hasten the process along. 
On the other hand, the work of Brown and Minges (14) Deherain (25), Kelley 
(81), and Fred and Graul (38) seems to indicate that nitrification is not bene- 
fited, but is depressed by the presence of sodium nitrate. Warington says 
that nitrates do not affect the nitrification of soil humus, but that (NH^jSO* 
does, because it becomes nitrified rather than the soil’s organic matter. 

It will be seen, therefore, that the opinions with regard to its action are 
conflicting, and it is very desirable to have further evidence on the subject. 

In doing so the writer has studied the influence of sodium nitrate in five 
different types of soil, with three sources of nitrifiable material, the data 
being recorded in the following pages. 

The method used in studying the process was the beaker method before de- 
scribed (108). Organic matter was supplied in amounts equivalent to 21 
mgm. of nitrogen. Calcium carbonate was added to neutralize soil acidity 
and leave an excess equal to 0.02 per cent. The incubation period was 28 
days at a temperature of 20°C. Moisture conditions were 50 per cent of the 
water-holding capacity of the soil. 

The method of extracting the nitrates was that worked out by Allison (2) 
and the method of determining the same was that proposed 1 by Allen (1). 
This exception, however, is to be noted— the quartz distilling tubes recom- 
mended by him were not used. Instead, a Kjeldahl* rack with block tin 
tubes supplied with extra large-sized traps were employed. An average 
error of 0.5 cc. of N/50 acid jvas experienced with this modification. As 
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the work is comparative rather than absolute this error is of little importance, 
being involved in every determination. 


Series 11. The influence of sodium nitrate upon the nitrification of ammonium 

sulfate 


The first experiments were carried out to test the effect of sodium nitrate 
upon the nitrification of ammonium sulfate. Five soils were used. The 
fertilizer additions, nitrates accumulating and calculated data are given in 
table 18. It will be seen upon consulting the table that sodium nitrate seems 
to depress the accumulation of nitrates in every one of the soils tested. The 
greatest reaction seems to have taken place in the Norfolk sandy loam. In 
this soil applications of sodium nitrate of only 50 pounds per acre decreased 
the accumulation of nitrates 7 per cent. With succeeding increments a 
gradual depressed action is manifested being 30 per cent below normal at a 
concentration of 300 pounds per acre and reaching 82 per cent below normal 
at a concentration of 1500 pounds per acre. It seems as if the nitrification 
of this material is stopped entirely when 2500 pounds per acre are supplied 
as this type of soil. 

A similar phenomenon is to be seen also in the Penn clay loam. In this soil 
the depression is not so large as in the previous soil. Fifty pounds per acre 
decreases the accumulation only 3 per cent, 500 pounds per acre 10 per cent 
and 1500 pounds 46 per cent below the normal nitrifying power of the soil. 
A small amount of nitrification, 5 per cent, was experienced at a concentration 


equal to 2500 pounds per acre. 

In the Wooster silt loam decreceased accumulation of nitrates is not to 
be seen until a concentration equivalent to 500 pounds per acre is reached. 
From here on, however, there is a gradual decrease in the ilitrate accumulation. 
The toxic action of sodium nitrate is not nearly as great in this soil as was the 
case in the Penn clay loam. Even at a concentration of 2500 pounds per 
acre the nitrate accumulation is only 53 per cent below normal. At double 
this concentration no nitrification took place, however. 

Comparing the Carrington loam with these three soils we find that sodium 
nitrate has apparently not affected the nitrification of ammonium sulfate to 
any great extent. There seems to be no decrease in the amount of nitrates 
accumulating below normal until a concentration of 2500 pounds per acre 
* is reached. The depression at this concentration is only i per cent 
normal. Doubling this concentration, however, decreases the mtr ying power 

to about 40 per cent of normal. . , c . j v 

The accumulation of nitrates under normal conditions m the S-enu san^ 
loam and the Norfolk sandy loam is practicaUy identical. Howe^r.the 
, action of sodium nitrate upon the nitrification o ammomun 
means the *m. In the Sierra sandy loam 
stimulative action. At any rate, tnere 
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nitrates to speak of until a concentration equivalent to 1500 pounds per acre of 
the salt is present. At this point the depression is about 30 per cent below 
normal. Beyond this point there is a rapid and pronounced decreased ac- 
tivity. In attempting to explain the difference in the action of the two sandy 
soils we must remember that the Sierra sandy loam is from a semi-arid region 
having a greater amount of sodium salts in its soil solution. 

C. B. Lipman (104) has published his so-called antagonism theory in which he 
finds that the addition to soils toxic to one form of the three sodium salts, NaCl, 
Na 20 O 3 and Na^SO^ of quantities of any other of these salts will result in an 
improved condition of the soil flora. If these three salts can aid one another, 
why cannot sodium nitrate do rhe same thing? Let us suppose the Sierra 
sandy loam has one of the salts as a toxic factor. Why would not the applica- 
tions of NaN0 3 aid in the rearrangement of the soil solution in a manner that 
would help the nitrifying group? In the Norfolk sandy loam, however, no 
abundance of so-called alkali salts could accumulate and this explanation is 
not tenable. 

It seems also from a consideration of the data that there is a marked quali- 
tative difference in the resistance of the different strains of the nitrifying 
organisms to applications of sodium nitrate. For instance, in the Wooster 
silt loam, having i0 per cent of moisture in the system, the depressed action 
at a concentration of 1500 pounds per acre is 36 per cent below normal, where- 
as in the Penn clay loam with 25 per cent of moisture in the system the de- 
creased accumulation is 46 per cent below normal. In the Carrington loam, 
on the other hand, with the same amount of moisture no depressive action at 
all is to be noted. Of course, the concentration of the soil solution itself 
would have something to do with such a generalization, but nevertheless, 
differences of 50 per cent could hardly be explained away in such a manner. 
Correlating the phenomenon in the above experiments with actual field con- 
ditions, it would seem that the beneficial use experienced with a mixture of 
sodium nitrate and ammonium sulfate might be explained on the grounds 
that sodium nitrate decreased the mineralization of the latter until the time 
was opportune for its assimilation by the plant, or again, the selective action 
of crops for ammonia, as has been noted previously (164), might enter in, the 
NaNOs, depressing the nitrate formation, might permit the ammonia, as such, 
to become assimilated. 


Series 12. The influence of sodium nitrate upon the nitrification of dried blood 

nitrogen 

This series consisted of a study of the effect of sodimn nitate upon the 
nitrification of dried blood. The data are to be found >h table 19. Jbe 
action of sodium nitrate upon the nitrification of dned blood was not stuched 

in the Norfolk sandy loam in This « tUs serie8) we 

Considering first the nitrification ot tne arieu u 



400 


DAVID A. COLEMAN 




SODIUM NITRATE AND NITROGEN 


TRANSFORMATIONS 


oj Koimia «xyai<! § 2 o S a 5 & 0 ° ° ° 



N *«Sk 


Z 1 N '®8W 


SOlHj 

ox NOimzi imho »a 


psppB 

*ON*N snajW 


jnoia 
oc smirpj 


U -m3ra 
33BJ3AV 


N’«*W 


N w*W 


« 5) « S £ « ^ ON»Nf 


5 TjJ Pj O « oi > 


00 00 » 

'O o M M fO •/■} 


<*) 0\ 'O if) r-t ff) 


p< o c & 

8 ££?£2'2£>t; , * (N »NOt 

wova>0\0\ooaoeoM' 




O lo f 
^ <* <, 


I N n (S ts W) Wj -p 


) IP) N Q 00 O N m ' 
i « ti 3 MA in 00 I 


'^N'O'O'OOinft'O 

lftn«ftnO^ON 


U iy U i) g 


VVOVVVVVVOV 


XlXlXlJXlJ2X}J3X5XtJ2 


; 8 8 8 8 8 3 - 

lO N ft t\| l 


<H (N »0 O 


II 


ooooooooooo 

£ S 5 fc Z Z 55 fc 5 £ fc 2 

n pq « n pq «««««« 

QQQPqOQQQDfl 

sfiHSsdsasgss 

hnSoi«W)t>OMlM6iOMlS)teOCU) 

|ffoBaflflSflflsa 

^Nf'NNP'Nt^f'NNNN 


“ C “ W ' ,BS i w J fl a X m Jj j» A X n A 


401 



402 


DAVID A. COLEMAK 


find the Carrington loam nitrifying this material as effectively as ammonium 
sulfate. This was, likewise, true to a large measure with the nitrification of 
this material in the Penn loam soil. The Sierra sandy loam,, on the other hand, 
nitrified dried blood to twice the extent that it did ammonium sulfate. The 
Wooster silt loam had very little ability to nitrify dried blood. 

In the action of sodium nitrate upon the nitrification of this material we 
again find in every case a decreased accumulation of nitrates. In the Car- 
rington loam this does not take place until a concentration of 500 pounds per 
acre is reached. From this point on, however, we note a gradual decrease 
in the accumulation of nitrates. 

In this series the effect of sodium nitrate upon the accumulation of nitrates 
is not so seriously affected as was the case in the previous series. That is to 
say, the toxic action does not present itself in such magnitude as was the case 
where ammonium sulfate was the nitrifiable material. 

The .Wooster silt loam is the only soil in this series to exhibit an enhanced 
activity as a result of the presence of soluble nitrates. Because of the small 
amount of nitrification and the difference between parallel determinations it is 
even questionable whether this is actually the case, or only apparent from 
a mathematical standpoint. 

The nitrification of dried blood in the Sierra loam is discouraged by the 
application of sodium nitrates in this series, in distinction to the previous 
effect. The Penn clay loam, likewise, showed a decrease in accumulation of 
nitrates as a result of the presence of sodium nitrate in this series, as was the 
case in the previous one. 

The accumulation of nitrates as compared with the untreated soils is much 
greater in this series than under similar conditions in the previous series. 
To state the matter in other words, quantities of IRuble nitrates do not seem 
to discourage the accumulation of nitrates from the nitrification of dried blood 
nitrogen as they did from ammonium sulfate. Perhaps this may be ex- 
plained on the grounds of the concentration of the soil solution. When am- 
monium sulfate is added to the soil we have, of course, a considerable increase 
in the salt content of the soil solution. The concentration, i.e., osmotic con- 
centration, is further enhanced by applications of sodium nitrate. More- 
over, as ammonium sulfate rapidly changes into nitrates this ion likewise 
increases the osmotic pressure. The summation of these three probably was 
great enough seriously to discourage the nitrate building bacteria. With 
dried blood, on the other hand, not only is the initial concentration small but 
the increase in the - total concentration arrives more gradually because of 'the 
slower nitrifiability of the substance. Thus the organisms have a chance to 
adapt themselves to their new environment. 

Knowing that cottonseed meal ammonifies even more slowly than dried 
bfood, we would expect a lesser depression in the accumulation of nitrates 
from high applications of sodium nitrate than from dried blood. To test this 
out another series was set up, the results of which are given below. 
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Strut 13. The influence of sodium nitrate upon the nitrification of cottonseed 
meal nitrogen 

From an examination of table 20 it will be seen that all soils nitrify cotton- 
seed meal to a lesser extent than dried blood or ammonium sulfate The 
smUttnfymg thts matenal to the greatest extent was the Norfolk sandy 


Considering the nitrification process in the order in which it was affected in 
the various soils we find that marked stimulation occurred in three of the five 
soils, viz, the Penn day loam, the Sierra sandy loam, and the Wooster silt 
loam The Sierra sandy loam shows a marked stimulating phenomenon in 
aU but two cases, the maximum amount accumulating with a concentration 
of 700 pounds per acre. Curiously enough , there was no nitrification of cotton- 
seed meal in this soil at a concentration of 5000 pounds, although ammonium 
sulfate was nitrified to an extent of about 50 per cent below normal under 
the same conditions. 


The Carrington loam's ability to nitrify cottonseed meal was nut affected 
to any extent by appplications of sodium nitrate until a concentration of 2500 
pounds per acre was at hand. As was the case in all of the soils no nit rifica- 
tion took place at a concentration equivalent to 10,000 pounds per acre. It 
would seem also that the theory advanced in the former series was more than 
operating here, to allow the accumulation of relatively larger proportions of 
nitrates. If we consider the effect of nitrate of soda upon the nitrification of 
the three nitrogen-bearing materials we note that the greatest decrease in the 
nitrate accumulations was experienced first with ammonium sulfate as the 
nitrifiable material, next with dried blood and lastly with cottonseed meal. 
The greatest decrease is fotmd in sandy soils, silt soils and loam soils, in the 
order named. 

From Kelley’s (83) work we are led to believe that nitrification is at its 
maximum at the end of two weeks’ time. If such is the case we would prob- 
ably expect a more decided depression in the accumulation of nitrates due to 
applications of sodium nitrate. In order to test this out and at the same time 
try to explain why sodium nitrate did not decrease the accumulation of nitrates 
in the Carrington silt loam, a new series of experiments were instituted de- 
signed to determine the nitrates formed from the nitrification of ammonium 
sulfate, dried blood and cottonseed meal at the end of 8, 16, 24, and 32 days. 


Series 14. The influence of sodium nitrate upon the accumulation of nitrates 
derived from the nitrification of ammonium sulfate at various intervals of time 

In testing out the influence of time upon the accumulation of nitrates four 
applications of nitrate of soda were used, viz., 50, 100, 300, and 500 pounds 
per acre. Otherwise the method of study was identical with the previous work. 

Table 21 records the data on the accumulation of nitrates from the nitrifi- 
cation of ammonium sulfate at different periods of time. At the end of the 
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eighth day the cultures having ammonium "sulfate, and this material plus 
sodium nitrate equivalent to 50 and 100 pounds per acre, all had less nitrates 
in the system than a similar portion of untreated soil. Those portions, however, 
having nitrate of soda equal to 300 and 500 pounds per acre registered a 
decided increase over the untreated cultures. 

On the sixteenth day, however, this stimulative influence seems to have been 
lost, as a decided decreased accumulation of nitrates was found in all cases, 
varying from 6 per cent to 48 per cent below the normal nitrification. 

When the soils were analyzed for nitrates at the end of the twenty-fourth 
day this relative depressed accumulation was considerably narrowed and at 
50 pounds per acre an actual stimulation of 2 per cent is to be noted. The 
maximum decrease here is only 18 per cent below the normal It would seem 
that from the sixteenth to the twenty-fourth day a marked stimulation to tile 
nitrifying group has occurred, the total nitrates formed being enough to ap- 
proach the accumulation in the check cultures and to register an enhanced 
effect. 

At the end of the experiment we find a slight increase over the untreated 
portions in all cases. No decrease in the nitrate accumulation is to be noted 
in any case which is in confirmation of the previous results. 

Series 15. The influence of sodium nitrate upon the accumulation of nitrates 
derived from the nitrification of cottonseed meal 

Concerning the effect of sodium nitrate upon the nitrification of cottonseed 
meal we must come to the same conclusion as was reached in series 20. At 
the end of 8 days no accumulation of nitrates at all is to be seen. 

In sixteen days the applications of sodium nitrate equivalent to 300 and 
500 pounds per acre have decreased the accumulation of nitrates 89 and 75 
per cent, respectively. On being analyzed for nitrates at the end of the 
twenty-fourth day the data show that the depressed accumulation is ma- 
terially lessened, as was the case with ammonium sulfate. At the finish of 
the experiment the resulting action of sodium nitrate upon nitrification of 
cottonseed meal is nil. 

Series 16. The influence of sodium nitrate upon the accumulation of nitrates 
derived from the nitrification of dried blood 

The data concerning the influence of sodium nitrate upon the nitrification 
of dried blood are given in table 21 A. The greatest nitrification of all the 
materials was at the end of the experiment. The increase in nitrate accumu- 
lation from the twenty-fourth to the thirty-second day was small indeed. 

An objection to the figures tabulated above can be raised on the grounds 
that nitrates as well as nitrites are reduced by this reduction method. How- 
ever, this factor is shown to be insignificant under another experiment. 
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In attempting to explain the decreased nitrate accumulation due to the 
presence of sodium nitrate we must again consider the consumption theory 
as previously explained. Nitrates, as well as ammonia, are readily con- 
verted into insoluble forms. *Due to the addition of sodium nitrate as well 
as to nitrification, a marked increase takes place in the numbers of the micro- 
flora of the soil. These oifpnisms necessarily need nitrogen for their life 
process and as nitrates, and even the ammonia from the nitrifying substances 
are present in excess, they use it for their own life processes. Fred and 
Graul (38) have given us a neat piece of experimentation on this point, as one 
will see by consulting the data on page 333 of their article. 

We can also tell to a considerable degree just how far this consumption 
phenomenon is being carried out and when the toxicity factor enters into these 
experiments, if we titrate the ammonia, not converted into nitrate, which is 
driven off from the extracted nitrate solution in the carrying out of this re- 
duction method. Although the figures thus obtained cannot be quantitative 
because of absorption of this ammonia by the soil, it is nevertheless extremely 
indicative of the point when excess nitrates seem to discourage the nitrifying 
organisms from converting ammonia into nitrate. * 

From an examination of the data recorded in table 22 there are to be seen 
marked differences at the points which sodium nitrate inhibits the nitrifiability 
of ammonium sulfate, dried blood or cottonseed meal. Toxicity commences 
to manifest itself in the Carrington loam at a concentration of about 1500 
pounds per acre, where dried blood and cottonseed meal are the nitrifiable 
materials. In the Norfolk sandy loam the depressed action of sodium ni- 
trate upon the nitrifiers is present at sthaller concentrations, viz., 500 pounds 
per acre. When cottonseed meal, however, is the nitrifiable material no 
toxicity occurs until a concentration of 5000 pounds per acre is present. The 
toxicity of sodium nitrate to the nitrification of ammonium sulfate was not 
studied in this connection. Its toxicity to the mineralization of dried blood 
is evident at a concentration of 2500 pounds per acre and to that of cotton- 
seed meal at 2500 pounds per acre. In the Sierra sandy loam no toxic acti#n 
is noticed to affect the nitrification of cottonseed meal until a concentration 
of 5000 pounds per acre is reached. It is here just one-half as great as it 
is at double this concentration. Noticeable toxicity to the mineralization of 
dried blood starts quite early, viz., at a concentration of 1200 pounds per acre. 
Increasing the amount increases the toxic effect. No discouraging action to 
the nitrifying organisms is present in the Wooster silt loam until a concentra- 
tion of over 500 pounds per acre of sodium, nitrate is reached, with ammo- 
nium sulfate and dried blood as the source of nitrogenous material. The max- 
imum toxicity in the Wooster' silt loam in so far as the nitrification of dried 
blood and cottonseed meal is concerned, occurs at a concentration of 5000 to 
10,000 pounds per acre. ' 

Of course, in using the reduction method nitrites are reduced, if present, 
as well as nitrates and the ammonium 1 formed is necessarily the sum of the 
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two. Kelley (8$ considers that a considerable amount of nitrites is formed 
when amounts of organic matter are present in excess of what he proposes as 
a standard, i.e., 10 mgm. of nitrogen per 100 gm. of soil. As approximately 
twice that figure was used in these experiments it is evident, if his conclusions 
are tenable ? that large amounts of nitrites have been formed and are recorded 
as nitrates. ' ^ 

At the same time while we consider this question of nitrite formation it is 
not out of place to note, if possible, whether sodium nitrate will discourage 
the action of Nitrobacter and allow the production of considerable quantities 
of nitrites. Kelley has noted that certain alkali salts seem to cause such a phe- 
nomenon. It is of importance to know if considerable amounts of nitrites 
are formed because of their extreme toxicity to plants. 

TABLE 22 


Nitrogen as ammonia not nitrified in the presence of sodium nitrate 


NaNO, 

PER ACRE 

i 

CARRINGTON LOAM 

NORFOLK SANDY LOAM 

PENN CLAY LOAM 

SIERRA SAJTDY LOAM 

WOOSTER SILT LOAM 

X 

25 

So , 
£ 

From dried 
blood 

a 

0 

if 

fa 

S 

5 

f<5 

g <f> 

fa 

From dried 
blood 

From cotton 
seed 

B 

5 

§<5 

Oco 

fa 

From dried 
blood 

From cotton 
seed 

B 

5 

g<5 

gw 

fa 

From dried 
blood 

From cotton 
seed 

3+ ’ 

t 

gd 

fa 

From dried 
blood 

n 

0 

•0 

s| 

0 „ 

fa 

tbs. \ 

mgm. 

mgm. 

mgm. 

mgm. 


mgm. 


mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

None 1 

0.90 

0.90 

0.90 

0.54 


0.54 


0.31 

0.31 

0.26 

0.60 

0.26 

0.56! 

0.56 

0.56 

50 

1.17 

0.76 

0.76 

4.15 


0.54 


0.31 

0.82 

9.35 

0.98 

0.60 

0.56 

9.92 

2.37 

100 

1.17 

0.76 

0.76 

4.69 


0.54 


0.31 

0.82 

10.63 

1.35 

0.60 

0.56 

9 92 

3.73 

300 

1.17 

0.76 

0.76 

4.94 

u 

c 

0.54 

'O 

<u 

0.31, 

0.82 

9.30 

1.50 

0.60 

0.56 

9.92 

5.40 

500 

1.17 

0.76 

0.7(> 

5.10 

I , 

0.54 

1 

0.31 

0.82 

11.42 

2.54 

0.60 

0.56 1 

9.54 

6.19 

700 

1.17 

0.76 

0.7^ 

6.70 

U 

V 

0.54 

1 1 

0.31 

0.82 

11.47 

1.35 

0.60 

1.06 

10.49 

6.63 

900 

1.17 

0.76 

0.7d 

7.32 

1 T5 

0.54 

u 

0.31 

2.82 

11.47 

2.12 

i 0.60 

2.18 

11.32 

6.63 

1,200' 

2.78 

0.76 

0.76 

9.39 


j 0.54 


0.31 

I 2.02 


3.91 

! 0.60 

5.30 

11.30 

7.35' 

1,500 

2.78 

0.76 

0.76; 


A 

, 0 54 


1 0.31 

! 2.02 

11.77 

3.88 

0.60 

6.20 

112.22 

6.82 

2,500 

3.84 

4.92 

0.76 

11.22 


0.54 


4.29 

4.27 

12,94 

4.77 

0.60 

| 8.50 

13.47 

16.23 

5,000 

i 7.68 

11.76 

5.43 

11.50 


2.37 


9.60 

8.46 

14.76 

10.38 

3.55 

17.74 

16.93 

16.25 

10,000 

16.69 

16.87 

tl 76 

16.32 


4.74 


13.27 

10.79 

17.76 

13.95 

6.65 

19.48 

18.19 

16.23 
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Series 17. The influence oj NaNOz upon the accumulation of nitrites formed 
in the nitrification of various manures 
* 

In order to test this out, therefore, a new series of experiments were set 
up, the extractions from the Carrington loam being used, in which the effect 
of sodium nitrate had been tested upon the nitrification of cottonseed meal, 
dried blood and ammonium sulfate (tables 18, 19 and 20). Nitrites were de- 
termined colorimetrically by the Greiss method (106). From an analysis of 
the data in table 23 it will be readily seen, considering the first point raised, that 
the amount of nitrites formed in any case is not one part per .million. This 
amount would be equivalent to about one drop of N/50 acid, as used in the 
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° f S ° diUm niUate Upon thc ^“lation of 
Ditntes we find that while there is a general tendency for this radical to in- 
crease in amount, it does not reach a concentration of one part per million 
m any soil until a concentration of from 5,000 to 10,000 pounds per acre is 
present. At a concentration of 10,000 pounds p?r acre we find a high amount 
of nitrite formed in the nitrification of dried blood; on the other hand, only 
i50 and 2.36 parts per million result from the action of sodium nitrate’ upon 
the nitrification of the other two materials. 

It is clear then that Ntirobacter must be influenced in a manner similar to 
Nitrococus, or else we would get an accumulation of nitriles rather than ni- 


TABLE 2.1 


The influence of sodium nitrate on the nitriles formed in the nitrification of various manure 


SOIL PORTION 

POUNDS PER ACRE 

NaNOi 

CARRINGTON LOAM 

Carrington loam 

CARRINGTON IjOAU 

- $ 

(NHa),SO« 

Dried blood 

Cottonseed meal 

Ch’eck 

Untreated 

p.p.m. as .V 

0.2143 . 

p.p.m. ai mgm. ;V 

0 2145 . 

p.p.m. as msm. V 

0.2143 

1-2 

No nitrate 
+ Manure 

0.2143 

, 0.7390 

0.6420 

3-4 

50 

0.2405 

0.7620 ! 

0 6630 

5-6 

100 

0.2143 

0.9135 

0.6940 

7-8 

300 

j 0 1748 

0.9203 

0.5570 

9-10 

500 

0.2185 

0.9203 

0.6995 

11-12 

900 

0.2710 

0.8410 

0.6630 

13-14 

1,500 

0.2143 

0.9500 

0.6765 

* 15-16 

2,500 

0.2185 

1.0370 

0.7325 

. 17-18 

5,000 

0.5865 

2.3000 

0.6200 

19-20 

1,000 

3.5200 

10.710 

2.3600 


tr'ates. The larger accumulation of nitrites at a concentration of 10,000 pounds 
per acre, would lend support to the opposite view, however, Kelley finds that 
nitrites are toxic to Nilrobarter in large quantities, i,e., 40 mgm. per 100 gm. 
of soil. Smaller amounts, however, do not affect this condition. As the 
concentration of sodium nitrate rarely reaches such a figure we need have 
no fear of nitrites forming in. such quantities as to inhibit either plant growth 
or biological activities. 

To summarise the influence of sodium nitrate upon the nitrifying process 
in the soils it would seem as if the earlier views of Lipman and Brown (109) 
Crowther (23) and Miyake (127) were substantiated, namely, that sodium 
nitrate does enhance the nitrification process to a greater or less extent. This 
stimulating effect may not necessarily be superficially observed, but on the 
other hand, mav cause secondary stimulations to set in, whereby large increases 
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in the numbers ft other soil organisms are brought about; these organisms 
using the nitrate as well as the nitrifiable material as a source of energy and 
food. Thus the stimulative effect may be entirely hidden and a decreased 
accumulation of nitrates be noted instead. 

In large quantities, as one would naturally suspect, the presence of nitrates 
discourages the action of the nitrifying group. In the nitrifying group we 
have only two known sepcies of bacteria. Necessarily then, we can have no 
survival of organisms from the action of high salt concentrations, the Sitire 
group being eliminated at once. 

Deherain (25) says that whereas sodium nitrate may at first depress the 
activity of the nitrifying group, after some time the organisms readjust them- 
selves to this high concentration and become active. In an experiment car- 
ried out by him he added 6 centigrams of sodium nitrate to 100 gm. of fresh 
soil and noted the nitrates formed at the end of 30 days. He found none; 
however, shortly after this the soil commenced to nitrify vigorously. 

It is also of interest to cite the work of Russel (156) at this point, on the 
nature and amount of the fluctuation of nitrates in arable soils. This investi- 
gator reports that the maximum amount of nitrate accumulation in sand, 
loams and clays during the year is 6 parts per million in the sands, 14 parts 
in clays and 23 parts in loams. The action may no doubt also be partially 
explained by the above phenomenon, vdz., the increased cell division, with 
subsequent transformation of the soluble material. 

The fact that nitrates are assimilated again raises the question as to whether 
or not this does not seriously affect the availability of nitrogenous manures. 
Being bound up in the body tissue of the microorganisms they must be miner- 
alized during the growing season to be especially beneficial to the crop. If 
they are not readily simplified a serious problem is at hand, over which the 
farmer has very little control. The availability of bacterial nitrogen will be 
studied later on in the text. 

In Colorado there are many soils seriously affected by high accumulations 
of nitrates. Sackett’s (147) work would lead one to believe that these nitrate 
accumulations were of bacterial origin. As the transformation and accumu- 
lation of nitrates would have the same scientific interest as the application 
of sodium nitrate would have upon soils not affected with niter trouble, it was 
thought that a comparison of the activities of a Colorado “niter spot' 5 soil with 
the action of sodium nitrate in the above soils would be interesting. 

Through Professor Sackett’s kindness the author was able to secure such 
a soil and the data concerning its biological activity are given in series 18. 

Series 18. The ammonifying, nitrifying and nitrogen-fixing power of a Colorado 
niter-spot soil 

In collecting this soil, samples were taken under sterile conditions and 
shipped to the New Jersey Station by express. On arrival they were spread 
out to dry on a piece of sterile wrapping paper. The soil was a sandy loam 
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very low in organic matter. AH samples were taken froft the same field. 
Sample 1 was taken in the niter spot itself; sample 2 where the effects of the 
niter spot were just beginning, and sample 3 where no effects were to be noted. 
The soils were Analyzed for total nitrates and chlorides, with the results 
shown in table 24. 

The various biological tests carried out on these samples were ammonifi- 
cation, nitrification and nitrogen fixation. Fixation was carried out in solu- 
tion Decause of the lack of soil. 


TABLE li 

Nitrates and chlorides in Colorado soil samples 



MILLIGRAM PER 100 C.M. OF SOIL 


NOiasN 

Cl 


4 78 

144 87 


0.86 

2.91 


0.72 

f.94 


- 



T 


TABLE 25 

Ammonifying power of the niter spot samples 


SOIL 

AMMONIA NITROGEN ACCUMULATION 

AVERAGE 

PER CENT RELA- 
TION TO SAMPLE s 

Dried blood 


mgm- 

0.93 

mim. 

0.93 

fflgm. 

0.93 

0 


18.53 

19.45 

18.99 

70 

100 

Sample 3 

26.52 

26.95 

26.73 • 

Cottonseed meal 



10.79 

10.50 

11.14 

48 

Saliple 2 

18.15 

16.37 

17.26 

74 

Sample 3 

23.00 

23.00 

23.00 

100 


The ammonifying power of the soil samples was ^ t . stu "- dr ^ b J^ 
and cottonseed meal being used as the source of organ, c matter. The data 

are given in table 25. b a gradual de- 

It will be seen that, giving sample 3 a value 0I ’ . * ded 

crease in the ammonifying power of the t^th sources 
Sample 2 has an ammonifying power o , ^ ^ b]ood> although 

of organic matter. Sample 1 wa nd t « i ^is is in keeping with 

it could simplify cottonseed meal t g cottonseed meal was used 

the increased toxic effect of sodium work . In this ^ how- 

as the source of organic matter in amm 
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ever, the deucascu cavity cannot be due to increases in nitrates, as can be 
seen from table 23. 

The next experiment, recorded in table 25, was carried out to test the nitri- 
fying power of the three samples. By consulting the tabkfce find marked 
differences in the ability of these three soils to nitrify the three sources of 
organic matter. 

Considering first ammonium sulfate, we find sample 2 nitrifying this martial 
to a very small extent. In fact the nitrification of this substance in sample 2 
and that in sample 3 are nearly alike. However, with dried blood a somewhat 
greater nitrification took place than with ammonium sulfate in samples 2 


TABLE 26 

The nitrifying power of the niter spot soils 


8 

* 

a 

£ 

< ' 

NHiSOi 

1 ° 1 

1 

Hi 

S 1 

DRIED BLOOD 

i 

8 

& 

p 

s 

< 

r 

cottonseed meal 

B 

z 

0 

8 

3 

SjH 

t 

s 

Nitrate accumulation 

Nitrate accumulation 

Nitrate accumulation 

Z 

B 

to 

a ! 

z I 

i 1 

a 

&2; | 
is 1 

j 

1 55 

I ! 

Z i 
B | 

1 to ! 

a 

Average 
mgm. N 

Z 

a 1 

Z 

a . 

. 1 

& 

H 

i 

1.69 

1.79 

1.74 

16 

1.65 

1.75 

1.70 

18 ! 

1.57 

1.57 

1.57 

27 

2 

1.68 

1.68 

1.68 

16 

4.59 

4.59 1 

4.72 

41 ! 

3.93 

4.22 

4.07 

71 

3 

10.31 

10.33 

10.32 

100 

8.65 

9.51 ' 

! 

9.08 

100 

4 1 

5.90 

5.55 

5.72 

100 


TABLE 27 

Nitrogen-fixing powers of the niter spot samples 



NITROGEN STXED 

AVERAGE 

PER CENT RELA 

non to sample 3 


mgnii 

mgm. 

mgm. 


Sample 1 

2.47 

2.95 

2.71 ! 

19 

Sample 2 

13,47 ! 

11.11 

13.29 

94 

Sample 3 

I 14.21 ! 

13.97 

14.07 1 

• 100 


and 3. Likewise cottonseed meal gave a relative stimulation considerably 
greater than the other two sources of nitrifiable material. Taking a compari- 
son between the action of sodium nitrate in large quantities upon the nitrifica- 
tion of these nitrifiable materials, we find a close parallelism between the 
phenomenon there registered and here. 

Repeating the work on the nitrogen-fixing powers of these three samples 
we find from the data in table 27 that there is also a decreased nitrogen fixa- 
tion as the samples approach the niter spot. 
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PART IV 


Series 19. The influence of sodium nitrate upon nitrogen fixation 


The various ^logical activities already considered deal with the trans- 
formation of soil nitrogen. Starting with the complex protein molecule, we 
have seen how sodium nitrate acts first upon the ammonifying group and 
second, upon the nitrifying group. Whatever the complexity of these proc- 
essed whatever the inter-relation or inter-dependence of the several bacterial 
factors, they can add -nothing to the store of soil nitrogen. Whatever the rate 
of ammonification, the soil nitrogen cannot thereby increase in amount. 
Fortunately, there are compensating factors. Just as the nitrogen atoms 
may be tom apart from those of other elements, so may the latter be made 
to combine with other elements in the formation of new nitrogen compounds. 
These compensating factors are the various species of nitrogen-fixing bacteria. 

The influence of nitrates as a factor in affecting the activities of the nitrogen- 
fixing organisms has been studied by a host of investigators, among whom 
may be cited Heinze (69), Headden (68), Lipman (105), Strank (182), Stock- 

lassa (179) and Sackett ( 159 )* So numerous are ^ ex P erimenls u P on th,s 
phase of the soil nitrogen problem, it is hardly necessary to go into it in any 
detail other than to corroborate the findings of previous investigators. 

In order to throw some added light upon the question of nitrogen-fixation 
and soluble nitrogen, two experiments were instituted, the one conducted in 
solution and the other in the Norfolk sandy loam. 

The effect of sodium nitrate upon nitrogen-fixation was first studied in 


solution. 

Fitly cubic centimeters of Sohm’s soil manni.e broth was placed m 50 ^ c -^ en “ fl ^ 8 n 
Sodium nitrate was then added in quantities as shown ml table 28 The « 

inoculated with a vigorous culture oTftis’Tme the total nitrogen in the 

flasks were incubated for 21 days at 20 . o( salicylic acid and zinc dust. 

system was determined, the nitrates being red y ,, ,i. e nitrogen in the nitrates 

The total nitrogen at the beginning of the experiment, as well as the nitrogen 
added, also^ivas determined. 

It will be seen from an observation of the data in * AsThe 
of sodium nitrate slightly increase — 

nitrogen increases, however, the hxa P ^ ^ tQ ^ }n ^ ^ the 
the amount of nitrates m he syste . ^ Stocklassa> Le ., tha t small 

earlier solution studies of Lipnm ^ Alolobacte r, whereas when 

amounts of nitrates ? ^^ged, the organisms living 

larger quantities are present this a 

upon the nitrates. in whic h this phenomena 

has been observed under actual soil conditions. 

Company, New York City. 
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in soils, a second experiment was started, the Norfolk sandy loam being 
used. 

To 50 gm. of Norfolk sandy loam in tumblers, were added 2 gm. of dextrose and 2 gm. 
of the same inoculating material. The whole was then thoroughly mixed together and 
sodium nitrate added, as is shown in table 28. Water was adjusted to 50 per cent of the 
water-holding capacity and the soils were incubated for 21 days as before. At the end of 
this time they were thoroughly air-dried and analyzed for total nitrogen, the nitrates being 
reduced with salicylic acid and zinc dust. , 

It will be seen from an examination of table 28 that a similar set of affairs 
is present in this series as was noted in the solution study, namely, a de- 
crease in the amount of nitrogen fixed varying with the size of the application. 
At a concentration of 1500 pounds per acre in this experiment, the nitrogen- 
fixing organisms ceased to fix any more atmospheric nitrogen. 


TABLE 28 

The effect of sodium nitrate upon the fixation of atmospheric nitrogen 


LAB. 

SO. 

nitrogen fixation is solution 

9 

H 

§ 

1 

s2b 

bt 

NITROGEN FIXATION IN NORFOLI SANDY LOAM J 

I* 

§ 

I ■ 
S 

gw 

p 

s 

NaNOj 

added 

i 

Total nitrogen in 
solution 

Minus no treat- 
ment 

Minus NaNO* 
added 

NaNO* 
pounds 
I>er acre 

i 

Nitrogen in 50 grams 
soil 

Minus no treat- 
ment 

Minus NaNOi 
added 

Mgm. N 

Z 

e 

£ 

PI 

Z 

i 

60 

a | 

z 

a 

to 

S 

Average 
mgm. N 


mgm. ' 




fngm. 

mgm. 


! 




mgm. 

mgm. 


1-2 

Check 

38.14 

38 . 14 ! 

38.14! 




Check 

41.87 

42.97 

42.42 

\ 



3-4 

None 

57.40 

56.58 

56.99 

18.85 

18.85 

100 1 

None 

156.62 

55.55 

54.08 

9.66 

9.66 

too 

5-6 

5 

57.83 

57.75 

57.99 

19.83 

19.22 

102 

100 

52.62 

54.20 

53.41 

10.93 

9.98 

103 

7-8 

10 

59.49 

59.27 

59.38 

21.24 

19.76 

105 

| 200 

53.50 

53.50 

53.50 

11.08 

8.56 ! 

88 

9-10 

25 

62.19 

61. 32' 

61.75 

23.61 

19.98 

106 

600 

50.25 

51.60 

50.92 

1 8.50 

4.12| 

1 42 

11-12 

50 

63.75 

63.20 

63.47 

25.33 

17.58 

90 

1,000 

53.35 

51.50 

52.42 

10.00 

3.17! 

32 

13-14 

100 

67.42 

68.34 

67.88 

29.74 

14.14 

75 

1,500 

50.65 

50.65 

50.65 

8.23 

-1.00 

0 

15-16 

i 

250 


87.25 

87.25 

49.11 

10.37 

55. 

1 








The question is asked whether this discouraged activity is due to a concen- 
tration of the sodium salt or to some other cause. We know that sodium 
nitrate increases bacterial activity to a great extent. Perhaps the presence 
of this salt increased the bacterial numbers to such an extent that the increased 
host of microbes used up all of the available energy that the Azotobacter re- 
quire to fix elementary nitrogen. Or again, the increased numbers may have 
made it difficult for Azotobacter to work very handily. 

Bearing upon this point Lipman (105) has data showing that Azotobacter 
Vindandii is seriously inhibited in its own nitrogen-fixing power by the presence 
of ammonia and nitrate salts. 

It would seem, considering the work of the earlier investigators as well as 
the experiments tabulated here, that the nitrogen-fixing power in the soil is 
discouraged by applications of sodium nitrate, although in solution a slight 
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stimulating action is to be seen. This decreased fixation is to be explained 
on several grounds, among which, are concentration, antagonism of other organ- 
isms, the using up of the energy supply by other organisms, and the discourage- 
ment of fixation by the use of sodium nitrate as a food by Azotobacter. 


part v 


Series 20. The transformation of nitrates by soil microorganisms 


Experiment 1. It has been shown in the previous pages that soil micro- 
organisms are able to use soluble nitrogen in their life processes. Moreover, it 
has developed that the amount and efficiency with which they assimilate 
ammonia or nitrates depends to a very large extent upon the kind and amount 
of energy-providing material. All other things being equal, the assimilation 
is in direct proportion to the supply of energy. 

Necessarily, soils must vary in the amounts of available energy which they 
contain. The great mass of organic matter left in the roots and that added 
annually to the soil in the form of green and farm manures contains a low per- 
centage of nitrogen and a high proportion of energy-providing materials. 
This excess energy must affect the activity of the soil organisms, and hand and 
hand with this the soluble plant-food in soils. 

Again experiments carried out in solution have indicated that the form in 
which the various nitrates are supplied has much to do with their assimilation. 
Kossowitz (92) and de Grazia (S3) have published data to the effect that 
calcium nitrate is more resistant to transformation than sodium nitrate. 

In order to throw some light upon this point with regard to the same action 
in soils a new series of experiments were set up to test the relative assimilabihly 
of sodium nitrate, potassium nitrate, and calcium nitrate in three types of 
soil; also the relative assimilability of these nitrates when supplied to a soil 
with large amounts of energy material. 

The experiments were carried out as follows: 


One-hundred-gram portions of three types of soil, the camngton ^. Norfo^ sandy 
loam, and the Penn c£y loam were placed in tumblers and the three -Mon* 
added to them in amounts equal to 200 mgm. of the salt. Water 
per cent of the water-holding capacity. The tumb ers "ere covc ™ ^ h 

Lubated at 20»C. for 21 days. Where organic matter was supphed On was ad ed to e 
son by means of the mixer previously cited. At the begmmng and at the e nd oi the «p 
meat the sods were extracted with water until they showed the pmsence of no mtra.es by 
the diphenylamine reaction as outlined by Withers an ay 


Itis assumed that the soluble nitrogen not in the form of 
has been attacked by microorganisms in such a manner as to make them 

the three above-mentroned soils are ^ en m ta ^ ^ and at the 

1 and 2 express the ammonia present 
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end of the experiment, column 4 the amount of' nitrate applied in milligrams 
of nitrogen, column 3 the total nitrates in the soil including the soil nitrates,, 
column 5 .the total nitrates at the end of the experiment, column 6 the total 
applied nitrates at the end of the experiment, column 7 the .milligrams of total 
applied nitrates transformed and column 8 the per cent of applied nitrogen 
transformed. 

From an examination of the table it is to be seen that the total amount of 
nitrates assimilated varies from 15 to 30 per cent with a general average of 
about 22 per cent in all soils and with all sources of nitrates. In the Nor* 
folk sandy loam 23.56 per cent of the nitrogen of sodium nitrate was trans- 
formed, in the Penn loam clay 20 per cent and in the Carrington loam 24.27 

TABLE 29 


Transformation of Ca{NOf)i, KNO^ and NaNOs in various soils 


LAB- 

NO. 

SOIL AND TREATMENT 

NHl AT BEGINNING 
MOM. N 

Z 

la 

: Wg 

h * 

< 

i 

Is 

1 w 

- 

1 H fc 

\§ i 

S3 * 

8 " 

1 

\l 

\» 

j 

n 

w. 

• a 

00 

Z* 

1 

\6 

\z 

1 15 
* a 

<fiS 

1 *)« 

t * 

. § 

m 

« s 
i a 2 0 

was 

25 

sS 

I < 

!§ 

Ss 

H 5 

IS 

f 

1-2 

N. S. L. no treatment 

j 0.42 

0.45 

1.67 


3.01 




3-4 1 

N. S.L. + NaNOj 

0.42 

0.48 

30.02 

28.35 

|24 . 68 

,21.67 

j 6.68 

23.56 

5-6 

N. S. L.+‘KNO* 

i 0.42 

[ 0.47 

39.17 

37.50 

31.79 

28.78 

' 8.72 

23.26 

7-8 

N. S. L. + Ca(NOi)i 

0.42 

0.45 

34.42 

32.75 

30.67 

27 66 

' 5.09 

15.52 

9-10 

P. C, L. no treatment 

0.28 

0.28 

2.25 


7.89 




11-12 

P. C. L. + NaNOs 

0.28 

0,29 

30.60 

128.35 

i30. 57 

22.68 

i 5.67 

20.00 

13-14 

p.c.l. + kno 3 

0.28 

0.28 

39.75 

37.50 

|37 . 08 

29.19 

1 7.31 

19.45 

15-16 

P, C.L.+ Ca(NO,) 2 

0.28 

i 0.28 

35.00 

32.75 

31.19 

23.30 

9.45 

28.85 

17-18 

C. L. no treatment 

0.27 

0.27 

3.37' 


1 6,38 




19-20 

i C.L. + NaNOs 

0.26 

0.28 

31.72 

28.35 

28.84 

21.47 

6.88 

24.27 

21-22 

j c.l.+ kno 3 

0.28 

0.27 

41.87 

37.50 

36.00 

29.63 

7.87 

1 20 . 99 

23-24 

C.L. + Ca(NO»)j 

0.28 

0.28 1 

36.12 

32.75; 

31.431 

25.06 

7.69 

23.45 


per cent. The amount of nitrogen as calcium nitrate assimilated seems to 
be at a minimum in the Norfolk sandy loam and at a maximum in the 
Penn clay loam. Potassium nitrate was effectively transformed in the Car- 
rington loam and Penn clay loam soils. 

Comparing the assimilation of calcium nitrate with that of the other two salts 
it can not be said, as a generalization, that it is more resistant to transforma- 
tion than they are. The relatively large percentage of assimilation of the 
three salts is quite remarkable and may well enter into the . availability ques- 
tion as a partial explanation of the lack of recovery of the total nitrogen sup- 
plied in mineral fertilizers. In these three soils the different amounts of 
organic matter no doubt supplied the energy for the above phenomenon. We 
can, however, cause a similar phenomenon to take place by using standard 
soils and supplying organic matter in various forms. 
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Experiment 2. In this experiment the effect of barley straw was studied 
on the assimilation of these three salts. It will be seen by consulting table 
30 which is constructed on the same order as table 29 that very much larger 
amounts of soluble nitrates are taken out of solution. The greatest amount of 
nitrate assimilated in this experiment was in the form of potassium nitrate. 
As was the case with this soil in the previous experiment, calcium nitrate was 
the least assimilated. 

The phenomenon of assimilation lias been predominant in all of the previous 
series of investigations. Once in the proptoplasm of the microorganisms it 
must again become mineralized before it can be used by the plant. It is of great 
importance to us to know how fast this combined nitrogen will become avail- 
able again. Beijernick (7) has some data on this point. He found that some 
50 per cent of the total nitrogen of Azotobacter cells which he supplied was 


TABLE 30 


The transformation of nitrates from various sources in a Sorfolk samly loam rich in organic 

matter 


Z 

a 

i 

s 

SPECIAL TREATMENT 

0 
z 

zZ 

1 i 
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< 

7i 

0 * 
z a 
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£ 

z 

li 

H 

1 £ 
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< 

i 

9 
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0 0 

JZ 

H 

J 

hZ 

H 

z 3 

ft 

jg 

Y 

p£ 

y 
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c< a 2 
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j 0 

r 

£ 

'*z 

P i 

A 0 

; S 
< 

Y 

4 1 
at 

I 

0 ■ 

cj w a 

5 a 
Sg 

Ck W 
< 

p 

fa 

;b 

85 

6 

/ 

is 

* & 

K 

r 

1-2 


0.42 

0.45 


1.67 

3.01 






3-4 

2 per cent Barley 
straw 

0.42 

0.28 


1.67 

1.09 

1.92 




63.78 

5-6 

2 per cent Barley 
straw 4* NaNO» . . • 

0.42 

1.65 

28.35 

30.02 

14.22 


13,13 

15.22 

53 69 


7-8 

2 per cent Barley 
straw + KNOa. ... 

0.42 

1.67 

37.50 

39.17 

14.79 


13.70 

123.80 

63.48 


9-10 

2 per cent Barley 
straw Ca(NOs)s- ••• 

0.42 

: 1.69 

•32.75 

• 34 . 42 

: 20.00 

— - 

18.91 

13.84 

42.27 



, } flO ) also has worked on the 

me 20 to 40 per cent m w nitrifiability of some common soil 

periment on this point m w * q{ obt ; ining the micro6 rganic 
ganisms has been studied, tne 
bstance is as follows: 

A sterile portion of Cook’s (19) No. 2 mecta « 

ngi and incubated for 12 days. At t en ^ ter paper and washed free from 

- sterilization and the dead substance er nd ^ oun d with nitrogen-free quartz sand. 
TU material was then dried at 1UU c. anu s 
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A similar process was used to obtain a bulk of B. mycoides protoplasm. In this case, 
however, sterile bouillon was inoculated with this organism and at the end of the incubation 
period the bacterial mass was removed by means of a Berkefeld filter, washing the sub- 
stance with distilled water until free from foreign matter. It was then dried and ground 
with sand. A culture of Actinomyces penicilloides was also obtained on the same manner 
as the fungus material was secured. 

Total nitrogen determinations were then made upon the sand plus microorganisms and 
enough of the material to equal 21 mgm. of nitrogen was used to test its nitrifiability. The 
Carrington loam was used, as this soil had a powerful nitrifying flora. 

For comparative purposes the nitrifiability of cottonseed meal, alfalfa, 
dried blood and green rye were likewise studied at the same time. 

In recording the data given in table 31 the relative values of the materials 
have been worked out, giving dried blood a value of 100. It is readily seen 
from a survey of table 31 that there is quite a variation in the nitrifiability of 


TABLE 31 

Nitrification of microdr ganic substance 


SOURCE or NITROGEN 

NO* ACCUMULATION 

A^iTiRAGE 

PER CENT 


Mgm. N , 

Mgm. N 


DRIED BLOOD 


0 18 


0 18 

o 

Alfalfa meal 

6 10 

2.77 

6 43 

41 0 


6 20 

' 6.30 

6.25 

41.0 

BaciUus mycoides 

1.18 

1.18 

1.18 

0.5 


9.86 

9.96 

9.91 : 

65.0 

Cottonseed meal . j 

Cladosporium herb arum 

4 42 

4 42 

4.42 ; 

28.0 

Dried blood 

15.23 

15.39 

15.31 

100.0 

Fusarium biillaiun 

15.39 

9.03 ! 

12.21 

79.0 

Mucor spinosus 

9.93 

7.24 1 

8.58 1 

76.0 

Rhizopus tritica 

10.63 

8.93 

9.78 

65.0 

Rye 

2.20 

2.05 

2.12 

1.0 




microbial material, the nitrates formed varying from 0 to 79 per cent of the 
value of the dried blood. 

. The organisms most readily nitrified were Fusarium bullatum and Mucor 
spinosis. The two organisms were even more nitrifiable than an equivalent 
quantity of nitrogen as cottonseed meal or alfalfa meal. RJtizopus tritica also 
nitrified as well as cottonseed meal, and superior to rye or alfalfa. In fact, 
rye did not nitrify at all during the incubation period. Aspergillus niger, very 
rich in spores, was of low nitrifiability; this was likewise true of Cladosporium 
herbarium. 

The only bacterium and Actinomyces experimented with nitrified but little. 
Bierima’s (10) data on this point, however, give the nitrifiability of Bacillus 
agreste as 18 per cent, Bacillus radiobacter 9 per cent and Bacillus jluorescens 18 
per cent of the total nitrogen supplied, at the end of 2 months. 

Taking the whole information on this subject per se > it would appear that 
this nitrogen would probably not become available for crop use until too 



SODIUM NITRATE AND NITROGEN TRANSFORMATIONS 


421 


late in the season. This would again strengthen our stand that the assimila- 
tion of soluble mineral fertilizers has much to do with the ultimate recovery 
of applied nitrogen. 

In the preceding pages an attempt has been made to study the influence of 
sodium nitrate upon the nitrogen transformation in soils, with a view of ob- 
taining a more perfect understanding of the various factors which go to aiTect 
the availability of this manure. Some of the more pertinent points brought 
out in the investifation have been summarized below. Necessarily all the 
details cannot be summarized and the reader must consult the text for the finer 
points of tKe investigation. 

In carrying out the work the author has had 'the ever helpful advice of Dr. 
]. G. Lipman, whom he now takes the opportunity to thank most heartily. 
In addition the author wishes to thank Prof. A. W. Blair, Dr. William S. 
Myers and the members of the Soil Fertility Research Laboratory of Rut- 
gers College for their kindly interest and suggestions during the course of 
the investigation. 

SUMMARY 


1. It has been shown by a review of the literature upon the availability of 
nitrogenous manures that a given quantity of nitrogen in the form of nitrates 
is superior to the same quantity in the form of ammoma and this m turn is 

of more value than organic forms. , i 

2. Theories for these relative availabilities have been presente a 

discussed « 

3. The reasons why a higher proportion of the applied nitrogen id < " 

nitrate is not recovered are also discussed and the pro a n tty o 
ferences being explained on biological grounds is stu le in cea 

4. In studying the influence of sodium nitrate upon nitrogen transforma 
tion in soils, its effect upon the ammonifying, nitrifying and nitrogen- rxi g 

powers of seven types of soil has been taken up. ,,, increase 

5. It has been shown that applications of sodium nitrate markedly increase 

the simplification of protein material applied to soils. . source 

6. There is some difference to be noted, however, with regard to the source 

° f 7SST-1 - ammonified to a much larger extent in the presence 

,h '.” £ sS P«*» i “ b “ ““ 

and successfully used, dried blood nitrogen, 

n. *dd A*. £» * *4 « 

but sodium nitrate added as a hmi g 
this material. 
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12. Potash in the form of potassium chloride has a slight stimulating effect 
in some soils. In others, however, no action is to be observed. 

13. Sodium nitrate decreases the ammonia accumulation in soils supplied 
with excess energy in the form of dextrose. 

14. If arranged in the proper proportions, sodium nitrate, acid phosphate 
and potassium chloride markedly increase the simplification of organic matter, 
in a degree beyond which any single application would stimulate. 

15. Sodium nitrate loses its stimulating action to a great extent in alkaline 

soils. * 

16. This is due to an increase in the numbers of bacteria, which assimilate 
a considerable proportion of the simplified material, and also to a rearrange* 
ment of the soil flora. 

17. Of the soil flora studied the soil fungi respond the most to applications 
of sodium nitrate, with the bacteria next in order. 

18. The stimulating influence of sodium nitrate is due to the anion* 

19. Sodium nitrate stimulates the nitrification of dried blocd, cottonseed 
meal and to a less extent ammonium sulfate. 

20. The stimulative action is not apparent. Secondary reactions, such as 
increased cell division, with a subsequent assimilation of nitrates, are set up 
in the system and hide the end point. 

21. In large quantities sodium nitrate depresses nitrification, the magnitude 
of the depression depending first upon the sources of nitrifiable material and 
second upon the type of soil. 

22. In large quantities the presence of sodium nitrate first becomes toxic to 
the nitrification of ammonium sulfate, then to dried blood and lastly to cot- 
tonseed meal. 

23. Sodium nitrate in amounts up to 5000 pounds per acre affects Nitro- 
bacter the same way as Nitrococcus. 

24. In amounts beyond 5000 pounds per acre there is evidence to show 
that Nitrobacter’s activity is stopped, whereas, that of Nitrococcus still manifests 
itself. 

25. Sodium nitrate in small quantities stimulates nitrogen fixation by 
Azotobacter . In larger quantities tins salt depresses this process. 

26. Large quantities of nitrates are assimilated by biological forms in soils. 

27. The amount assimilated is about 20 per cent of the applied nitrogen. 

28. The idea is not tenable that calcium nitrate is assimilated to a lesser 
degree than sodium nitrate. 

29. Experiments carried out on the nitrifiability of microbial matter show 
wide differences in this respect. 

30. The entire study of the influence Of the sodium nitrate, upon nitrogen 
transformations in soils seems to indicate rather strongly that in the cases 
where larger quantities of nitrogen are recovered in the crop^than can be ac- 
counted for by the amount of sodium nitrate applied, this is due to a drawing 
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on the soil's own nitrogen supply. This supply is acted upon by a stimulated 
bacterial flora, brought about by the presence of sodium nitrate. 

31. On the other hand, where more or less of the nitrogen applied is re- 
covered the variations in the recovery may in a large measure he explained 
on the grounds of assimilation of nitrates by soil organisms. 

32. Of the three nitrogen-transforming groups of soil organisms sodium 
nitrate affects the nitrogen-fixing group most adversely, has a lesser detri- 
mental effect on the nitrifying group, and affects the ammonifying group least 
adversely. 

33. As applied in agricultural practice sodium nitrate generally enhances 
the activity of the ammonifying and nitrifying groups. On the other hand, 
the activity of the nitrogen-fixing group is discouraged by its presence. 

34. In no case will toxicity be caused by sodium nitrate if it is applied 
rationally. 
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INTRODUCTION 


Limestone regions are noted for their fertility. Alfalfa, red clover, blue- 
grass, and com are among the crops which thrive best on limestone soils. 
Those soils which do not naturally contain carbonate of lime are usually made 
more productive by applications of lime or limestone. Extensive investiga- 
tions carried out by the Rhode Island, Maryland, Pennsylvania, Ohio, Illi- 
nois, and other agricultural experiment stations have demonstrated the 
value of lime in either the oxide, hydrate or carbonate form on soils which 
are acid to litmus. An excellent review of the most important investigational 
work on the use of lime on acid soils is given by Frcar (9). 

The investigations of Wheeler at the Rhode Island Agricultural Experi- 
ment Station, indicate, however, that a number of plants of economic im- 
portance thrive on soils which contain no solid carbonate of lime. Some of 
these plants are benefited by lime, but others are injured by applications of 
lime. Wheeler (36) says that orchard grass (Dadylis glomerate, L.) and mea- 
dow fescue (Festuca elatior , L.) are less injured by soil acidity than Kentucky 
blue-grass {Poa pratensis, L.) and timothy {Pfdeim pratense, L.) and that 
awnless brome grass (Bromus inermus , L), red top (Agrostis alba var. vulgaris. 
Thurb.), and Rhode Island bent {Agrostis canina, L.) do not seem to be suscep- 
tible to injury even on decidedly acid soils. He also states (37) that Concor 
grapes are apparently indifferent to the lack of lime and that craitberries, 
raspberries, and lima beans are injured by liming, the last named growing 
splendidly on soils so acid as to entirely destroy lettuce, spinach, onions, beets 
and asparagus. In his latest publication on this subject Wheeler (38) gives 
a summary of his work in which he sho^s that plants vary in their require 
ments from those which are injured by applications of me even to a very 
acid soil, to those which are unable to live on an acid soil and are benefited 
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an objectionable condition which invariably requires lime” and “under cer- 
tain conditions, a complete system of acid agriculture is practicable” 

Harter (14) writes that liming has been shown to be beneficial to all crpps 
on Norfolk soils with the exception of beans, peas, and tomatoes. Kossovithh;, 
and Althausdfe (26) report that, while the liming of add podzol soils strikingly 
, increases the yields, the limit of increase is at about the point of neutralization 
and that an excess injures the plants. No statement is made as to how the 
point of neutralization was determined. Heinrich (15) concludes that the 
determination of lime in a soil, by digesting with 10 per cent hydrochloric 
acid, can be used as an index in determining what crops will thrive. Ad" 
cording to his report, the least amounts of lime which will permit of successful 
growth are: 


Crops 

Lupines, potatoes, and rye, 

Oats and barley 

Peas and vetch 

Red clover 

Alfalfa 


Calcium carbonate 
in the soil 
per ctnt 

o.os 

O.OStoO.lO 

0.10 

0.10 to 0.12 
0.20 to 0.30 


Fred and Graul (10) experimenting with alfalfa, soybeans, and red clover 
on acid soils of two series, conclude that half enough lime to neutralize the 
soil acidity as measured by the Truog (32) method is sufficient for the pro- 
duction of good yields of these crops on acid soils of these two series. 


THE RELATION BETWEEN BACTERIAL ACTIVITY AND THE REACTION OF SOILS 

One of the reasons usually given for the maintenance of a neutral or slightly 
alkaline reaction in soils is that the soil microorganisms, which have to do with 
the processes of decay and the changes by which certain organic and inorganic 
substances become available for higher plants are unable to work to best 
advantage in an acid medium. The ammonifying, nitrifying, and nitrogen- 
fixing bacteria are thought to prefer a neutral or slightly alkaline medium. 
However, it is-probably true that the various groups of soil bacteria are differ- 
ently affected by the soil reaction. The influence of acidity and alkalinity 
on the development of pathogenic bacteria has been studied by a number of 
investigators. The literature on this subject is reviewed quite fully by Itano 
(21). The degree of acidity or alkalinity which the organisms are able to 
withstand varies with the species. Certain forms, e.g., Bacterium tuberculosis , 
are able to live in the presence of a considerable degree of acidity. It is 
reasonable to believe that soil microorganisms show similar differences in this 
respect. The fact that many acid soils are supporting vegetation, indicates 
that bacterial processes are being carried on in them, although these processes 
might be materially hastened if lime were applied^ 

The number of bacterial colonies from soil aliquots which will develop on 
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agar plates is influenced by the reaction of the medium. Hoffmann (16) 
finds in counting the number of bacteria in soils that a medium slightly acid 
to phenolphtyiein is more favorable than a medium which is neutral or 
slightly alkaline to phenolphthaiein. Fischer (8), who conducted probably 
the most extensive investigations on the effect of lime on the ntmbcr of bac- 
teria in soils, shows that an application of cither calcium oxide or calcium 
carbonate has a very marked effect in increasing the total number of bacteria. 

That the rate, of ammonification is increased by applications of lime is 
shown by Voorhees and Lipman (35). Coville (6) points out that many soils 
acid to litmus contain large amounts of ammonia. Kopeloff (25) shows that 
“where the soil reaction is unfavorable for the activities of the soil bacteria 
concerned in ammonification, the soil fungi may prove to be an important 
compensating factor.” 

The rate of nitrification is increased by applications of lime on soils which 
give an acid reaction with litmus. The results obtained by Lyon and Bizzcll 
(27) are typical. A number of other investigators report similar effects from 
the use of lime. Scales (29), studying the activities of nitrifying organisms, 
finds they are most active in the presence of 50 per cent of the calcium-car- 
bonate requirement (Veitch) of the soil. An excess of calcium carbonate 
seems to be toxic to the nitrifying organisms. Temple (31) finds that if an 
organic source of nitrogen is used instead of ammonium sulfate, the formation 
of nitrates is much greater in acid soils. He explains this increased nitri- 
fication on the basis of the formation of neutral zones, caused by the production 
of ammonia, at which points conditions are favorable for nitrification. 1 emple 
also show's that calcium salts of organic acids can be used as effectively as 
calcium carbonate in overcoming the toxic effect of ammonium sulfate on an 
acid soil. Miller (28), working with a sandy soil acid to litmus, finds that an 
application of 0.1 per cent of calcium oxide caused a decrease in the ability 
of the soil to nitrify ammonium sulfate and that 0.5 per cent of calcium oxide 
stopped the process entirely. Hutchinson (19) finds that calcium oxi eacts 
not alone as a neutralizing agent, but also as a partial sterilizing agent, ^mce 
in the experimental work following applications of neutralizing agents are 
confined to calcium carbonate, it does not seem necessary to include any 
further discussion on the effect of calcium oxide on the bacterial processes in 


should be remembered that it has been shown that nitrate nitrogen is 

not necessary for all plants. Hall and Miller (12) call attention to the fact 

u Park Dlats of the Rothamsted harm, pro- 

that ammonium sulfate, on the ram piais , 

duces very good crops of grass, although the S01 18 ® cien 
little nitrification takes place. Hutchinson and MiUer (20) find that peas 
are able to utilize ammonia nitrogen qs well as nitrate n.trogen.jdthough the 
. . vu u of KpIIpv (24) shows that rice, grown in swamp 

opposite is true with wheat. B ammonifkation p r0 c- 

land, secures its mtrogen% the form , (- ■ £ i; me j„ 

esses are less affected than nitrification processes by a deficiency of lime 
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the soil, then plants which are able to utilize ammonia can survive where those 
depending on nitrate nitrogen cannot live. 

Hopkins (18) notes that the application of lime increases the power of 
Bacillus radicicola in certain legumes to # fix atmospheric nitrogen. Whiting 
(39) writes tfet nodules are often found in abundance on legumes on very 
♦acid soils. Japanese clover (Lespedeza) has often been observed by the writer 
growing on soils strongly acid to litmus and the roots were well supplied with 
nodules. These nodules were mostly near the surface of the soil. Keller- 
man and Robinson (22) find that crimson clover inoculation is little affected 
by the reaction of the soil. Fred and Graul (10) find that, if acid Colby silt 
loam soil is previously inoculated with B. radicicola, nitrogen fixation by soy- 
beans is little influenced by applications of calcium carbonate. They also 
find this true on acid Colby silt loam with red clover. Both clover and alfalfa 
were able to fix considerable amounts of nitrogen when growing on Colby 
silt loam and Plainfield sand having only one-half of their acidity (Truog 
method) neutralized. The Colby silt loam required 10,400 and the Plain- 
field sand 5200 pounds of calcium carbonate to neutralize one-half of the 
acidity in 2,000,000 pounds of soil. Determinations of the lime requirement 
(Veitch) on the Colby silt loam soil, chosen from the same locality the year' 
previous, showed a need of 3234 pounds of calcium carbonate per 2,000,000 
pounds of soil. The authors state that “the Truog method shows much larger 
amounts of soil acidity than the Veitch.” 

Ashby (1) shows that the use of lime on tfie Rothamsted soils more than 
doubled the nitrogen-fixing power of the Azotobader . Hoffman and Hammer 
(17) find that calcium carbonate is essential to non-symbiotic nitrogen fixa- 
tion, but that the amount required is very minute and was present in 
sufficient amount in all the soils tested. These soils were chosen from various 
localities in Wisconsin and must have included some soils acid to litmus, since 
Whitson and Weir (40) estimate that two-thirds of the soils of Wisconsin 
are acid. Christensen and Larsen (4) find that if Ashby's solution is inocula- 
lated with a soil in need of lime, the brownish film usually produced by Azolo- 
bacler does not develop. They suggest this as a method of determining the 
need of a soil for lime. 

Gimingham (11) describes several organisms capable of bringing about the 
formation of carbonates from calcium salts of organic acids. Hall and Miller 
(13) also report that calcium salts of organic acids are transformed to the 
carbonate by soil organisms, the organic acids being decomposed to form carbon 
dioxide and water. Drew (7) shows that marine bacteria precipitate calcium 
carbonate from sea water. He names the organism responsible for this re- 
action, Bacillus colds . Kellerman and Smith (23) write that it is possible 
in the laboratory to produce calcium qarbonate by three types of biological 
processes; by the action of ammonium carbonate on calciun) sulfate; by the 
action of ammonium hydroxide on calcium acid clrbonate, and by the de- 
composition of calcium salts of organic acids. They state that Drew’s organ- 
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ism is Pseudomonas colds. This is ft denitrifying organism which produces 
ammonia by the reduction of nitrates. Bear and Salter (2) show that the 
lime requirement -(Veitch) of the West Virginia Agricultural Experiment 
Station fertility plots is less where. the content of organic matter has been 
increased, and suggest that this decrease may have been due tifthe precipita- 
tion of calcium from solution by the humus in the soil, whereby it was pro* 
vented from being lost in the drainage water. This calcium might later be 
freed as the carbonate, as the decomposition of the organic matter was brought 
about by the soil organisms. 


OBJECT OF THESE INVESTIGATIONS 

In view of the fact that large areas of land are acid and that the distance 
from the supply of lime often makes the cost of applying large amounts of 
lime or limestone prohibitive, it was thought it might be desirable to consider 
more carefully the possibilities of a system of acid agriculture as suggested 
by Coville (6). Since the problem of the economy of nitrogen and its avail- 
ability for the use of crops is largely a bacterial problem, it seemed important 
•to study the relation of the reaction of the soil to the act ivities of the bacteria 
concerned in nitrogen accumulation and transformations. Recognizing the 
fact that plants do grow on soils which are acid to litmus, how are these plants 
supplied with nitrogen? We know that lime and limestone are valuable soil 
amendments, but might it not be possible that small applications of these 
materials would be relatively more effective in promoting the activities of the 
bacteria concerned in the nitrogen problem than large applications? If the 
B . radicicola of some legumes is more resistant to acidity than the B. rodictcola 
growing on other legumes, might it not be possible to selecl legumes adapted 
to the reaction of the soil instead of adding lime to the soilto make the reaction 
suitable for the legumes we desire to grow? Even if nitrogen-fixing organisms 
are able to grow in acid soils, are they able to fix atmospheric nitrogen in such 
an environment? To answer these questions, it was proposed to measure 
the activities of those bacteria concerned in the nitrogen economy of plants 
as influenced by various amounts of calcium carbonate applied to acid soils. 


definition of “lime requirement 

In the preceding discussion, a rate loose construction is given to the term 
“soil acidity.” This is simply in accordance w.th precedents set by he 
various investigators whose work is reviewe . 1 r “*’ , 

means a soil which changes blue litmus paper red The ( eg o ^rty 

of soils has no such definite meaning, consequently the ^ 

1 . i uu Thp writer sees no reason to disagree with iruog 

are not stnctly comparab e KM ^ lhat acid silica tes are 

(33) as to what so.Uc.drty His exce n en t revieWof this 

the main cause of ml ^ '"^ fthe invest igational work along this 
subject gives a select bibliography 
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line. Truog (32) also writes that the acidity of soils may be conveniently 
divided into two classes, “active” and “latent” acidity. He states that 
“latent” acidity is undoubtedly much less injurious to plants than “active” 
acidity. He also shows the desirability of knowing the “avidity” of the 
active soil aids. Sharp and Hoagland (30) attempt to measure the lime 
requirement of soils by determining the hydrogen-ion concentration of the 
soil suspensions. The recent review of Clark and Lubs (5) of the literature 
on this subject, .indicates that the hydrogen-ion concentration of the medium 
is the important factor to consider in the relationship between acidity and 
biological processes. The hydrogen-ion concentration of a soil in suspension 
in water is, however, not a measure of the amount of lime necessary to add to • 
an acid soil to produce a neutral reaction of the soil. This is partly because 
of the slow solubility of the acid-forming constituents present in soils. 

At the time this investigation was begun, most of the recent work on soil 
acidity had not been published. The writer felt at that time that the most 
satisfactory measure of the “lime requirement” of a soil was that obtained by 
the Veitch (34) method. Accordingly, this method was used in determining 
the quantitative need of the soils used for lime. It is interesting to note in 
this connection that when the two soils which were used most largely in these 
investigations had been treated with the quantity of calcium carbonate neces- 
sary to satisfy their lime requirements (Veitch) and had been mixed once each 
week for 12 weeks, they were found to be neutral to litmus paper, 

HISTORY OF THE SOILS USED IN THESE EXPERIMENTS 

A large part of thfr work reported has been done on samples of soil from two 
different localities belonging to different soil series. Both of these were acid 
in reaction, as wall be shown later. 

Soil I w r as secured from plot 18 of the West Virginia Agricultural Experi- 
ment Station farm. The soil is classified by the United States Bureau of 
Soils as Dekalb silt loam. Jt is a residual soil which has been formed by the 
disintegration of sandstone and greenish gray shales overlying the Pittsburg 
coal. The original timber was largely oak and chestnut with an occasional 
locust. The analysis of this soil is as follows: 


Pounds per 

Element ■ 2fi00,000 oj soil 

, Nitrogen 1,940 

, Phosphorus 600 

Potassium 25,100 

Carbon 23,900 

Calcium 2,300 

Magnesium •. 4,300 

Calcium carbonate requirement (Veitch) 3,500 


Plot 18 has not received any fertilizer, lime or manure since the beginning 
of the fertilizer tests in 1900. Ofily a partial record of the produce of this 
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plojt is available. During a part- of the time since 1900 a tile drain, which 
passed near this plot, was not working, and, since the yields of the plot were 
somewhat abnormal, no permanent records of the plot were kept. Later the 
record of the produce of this plot was continued. This record shows that 
plot 18 corresponds normally in productivity to plot 21, which 'also received 
no fertilizer, lime or manure. The sample of soil was chosen from plot 18 
because its record was incomplete and any change due to the removal of a 
large sample of soil would not interfere with the plot experiments. Since 
1900 the following crops have been grown on these plots; rye, 1900 and 1907; 
wheat, 1901 and 1914; clover, 1902, 1909, and 1915; corn, 1903, 1905, and 1912; 
cowpeas, 1904; potatoes, 1906; timpthy, 1909, 1910, and 1911, and oats, 1913. . 
Table 1 gives the records of the fertilizer treatment and total produce of all 
the plots up to and including 1915. 


TABLE 1 


Total amounts oj fertititers applied and total produce per acre from 1000 to 1015. 

on soil I 

PLOT 

treatment 

NITRATE 

OP SODA 

ACID 

PHOSPHATE 

SULFATE 

OF POTASH 

LIME 

(CaO) 

MANURE 

TOTAL 

PRODUCE 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

N, P, K, CaO 

M CaO 

pounds 

4200 

pounds 

4200 

Pounds 

1625 

pounds 

4500 

4500 

tons 

210 

pound l 

120,605 

152,400 

38,600 

36,615 

39,270 

43,075 

13?,670 

117 Q1Q 

Check 




5500 


CaO 






300 

Ash of 40 tons of manurt until 1912 





j 

190 

]Vf 





N p K 

4200 

4200 

1625 

* 


42 170 

Check 






76,995 

52,215 

39,480 

95,940 

41,565 

36,845 

p K 


4200 

1625 



N 

4200 


1625 



Check 






N p 

4200 

4200 

1625 



K 





Check 






63,415 

41,195 

J 

p 


4200 




N 

4200 



I 



N, indicates nitrate of s 


sulfa,e of p 01 ** 5 Ml minure ’ 

in, lnuicaxcu muaiv > 

Soil II was secured 

Wooster. This soil is classifie > sandstone and shales of the 

I, been formed from * I* * 

Mississippian period, under the 
the soil used is as follows: 
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Pounds per 

Element 2,000,000 oj soil 

Nitrogen 1,775 

Phosphorus 664 

Potassium 34,000 

Carbon 22,200 

Calcium 4,470 

Magnesium : 6,596 

Calcium carbonate requirement (Veitch) 3,500 


It will be observed that soil II hafe the same calcium-carbonate requirement 
as soil I. 

Soil II has never received any fertilizer, lime or manure since the beginning 
of the fertilizer tests in 1893. Continuous records since that time have been 
kept on soil of the same history as this soil in a 5-year rotation experiment 
at the Wooster station. The rotation has been com, oats, wheat, clover, and 
timothy. A summary of the effect of lime and fertilizers on this soil is given 
by Williams (41) in table 2. An experiment has qlso been in progress on this 
same type of soil which had been kept in a fair state of fertility by a good 
rotation and an occasional application of manure previous to the beginning 
of the experiment. The rotation since practiced has been corn, oats, and 
clover. The records of this experiment are shown in table 3. It will be seen 
by a study of tables 2 and 3, that both lime and ac.id phosphate are very effec- 
tive in increasing the yields of the crops grown in these two rotations. While 
lime is very efficient, it seems remarkable that such large yields of these crops 
can be produced by the use of acid phosphate alone on a soil which has a 
calcium-carbonate requirement of 3500 pounds per 2,000,000 pounds of soil. 

The other samples of soil used in these experiments were Dekalb soils chosen 
from various localities in West Virginia. These soils vary greatly because 
of differences in the systems of management they have undergone. Analyses 
of these soils are shown in subsequent tables. 

PLAN OF THESE EXPERIMENTS 

Large samples of soils, acid to litmus, were secured, sent immediately to 
the laboratory, made to pass a 2-mm. sieve, and stored in large galvanized 
iron cans. From these cans soil was removed as needed. Careful analyses 
of the soils were made for the total amount of nitrogen, phosphorus, potassium, 
calcium, magnesium, and carbon. Lime-requirement determinations were 
made by the Veitch method as indicated above. Amounts of C. P. calcium 
carbonate varying from 250 pounds to 40,000 pounds per 2,000,000 pounds 
of soil were added to the sojls. A study was made of the effects of these 
applications on: (a) the number of bacteria, (b) the rate of ammonification, 
(c) the rate of nitrification, (d) the fixation of nitrogen by non-symbiotic 
organisms, and (e) the development of B. radicicola of the soybean. All 
analyses were made according to the methods given by Bear and Salter (3); 
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The calcium carbonate was applied and mixed thoroughly with the soil, 
which was then placed in 1 -gallon stone jars. Enough water was added to 
the soil to give it an optimum moisture content. Eacli week the soil was 
removed from the jars and mixed thoroughly and the loss of moisture, due to 

TABLE 2 

The effect of lime on the yields of crops on soil I f 


YIELD PER ACRE 


Phosphorus* . , 

Phosphorus,* potassium 

Phosphorus* potassium, ni- 
trogen 

All three with less nitrogen 
but more phosphorus*. . . 

Barnyard manure 

Same as 17 but nitrogen in 
sulfate of ammonia 


in bone meal. 
Same as 17 but | 
in basic slag. . 


Average unfertilized. 


Corn 

1900-191S 

Oat it 

(901-1916 



Wheat 

1906-1916 

Clover 

190.1-1916 

Timothy 

1909-1916 

-yy 


*0 1 


•0 


V 


■0 


l 

■c 

E 

1 

I 

| 

S 

jj 

a 

T3 

£ 

| 

"e 

TJ 

a 

5 

3 

D 

j 

& 

3 


3 

U 

3 

bus. 

bus. 

6«J. 

bus. 

iw. f - 

/'US- 

lbs. 

tti. 

lbs. 

lbs. 

35.51 

12.32 

39.16 

12.85 

21.48! 

25.17 

1848: 

2680 

3058. 

3810 

43.95, 

51.08 

42.62' 

46 38 

22.17: 

26.38 

2U4 

3166 

3125 

3881 

47.67 

55.12 

[49.77: 

49.71 

31.27 

31.86 

2683 

3388 

34454124 

. 47.23 

55.67 

51.8452.38 

27.32 

30.85 

2492 

3598 

33644543 

. 56.31 

61.68 

43.62 

44.93 

29.51 

32.49 

3448 

4393 

4525 

5531 

. 46.23 

55. 9? 

J 48 . 2 I 

51. 3f 

>24.70 

1 31.20 

.2139 

1 3544 

• 3111 

4409 

.46.01 

.51. 1j 

J 46.3/ 

' 46.81 

l 27.78 

128.6.' 

1 294‘ 

i 377i 

! 3504 

i 4585 

. 46.21 

r 51 6< 

J47.7: 

147.8: 

$29.7( 

>28-9: 

1298: 

l 337: 

1 374: 

14306 

. . 26.4J 

532.3 

2 27.1< 

^32.0 

8 12. 7^ 

116. 0 1 

9127i 

6184 

_i 

1 250 

0-3069 


* Phosphorus in the form of acid phosphate 

TABLE 3 

The effect of lime and acid phosph ate on soil II 

CORN 9 YEARS 



0AT S 9 YEARS 


Stover 

Grain 

pounds 

2759 

3149 

2820 

3056 

pounds 

44.94 

47.53 

45.35 

46.16 

__ 



No fertilizer 

Calcium oxide 

Ground limestone. . 

Acid phosphate. — 

~ ,r~This was continued for 12 weeks in order that 
evaporation, was restored. tQ adjust the mselves to the changes 

the soil microorganisms shoul the determ inations of nitrifying 

in soil reaction. At the end o ’ q.i. ese determinations required 

power, ammonifying power, etc., were m 
about one-half of the soil. 
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Since the analyses showed that these soils were very deficient in total 
phosphorus, a thing which is commonly true of add soils, it seemed advisable 
to apply phosphorus in a readily available form in order to remove it from being 
a possible limiting factor in the various bacterial activities studied. Accord- 
ingly, 0.2 per cent of mono-calcium phosphate, equivalent to 1000 pounds of 
phosphorus per 2,000,000 pounds of soil, was added, the moisture content was 
again restored, and the mixing was continued for another period of 12 weeks. 
At the end of this time, the above determinations were repeated. In some of 
the later experiments the calcium carbonate was added just previous to the 
time of studying the rate of nitrification, ammonification, etc. 

THE EFFECT OF CALCIUM CARBONATE ON THE NUMBER OF BACTERIA 

Soils I and II were used in these experiments, after they had received the 
various applications of calcium carbonate and had been mixed thoroughly 
each week for 12 weeks, as previously outlined. Plate counts of the number 
of microorganisms were made ‘at the end of the 12- week period. After the 
0.2 per cent of mono-calcium phosphate had been added and mixed with the 
remainder of the soil each week for a second 12 weeks, plate counts were again 
made. Aliquots of the soil suspension were plated on Heyden agar. The 
plates were incubated at room temperature and counts were made at the end 
of 6 days. Table 4 shows the results of these counts. Each figure represents 
the average of four plates. 

As might be expected, the greatest relative change in the number of bac- 
teria occurred after the neutral point had been passed. This was true in 


TABLE 4 

The effect oj calcium carbonate on Ike number of bacteria 


CALCIUM CARBONATE 

PER 2,000,000 
POUNDS OF SOIL 


BACTERIA PER 

GRAM OF SOIL 

*• 

Soil I without 
phosphofus 

Soil I with 
phosphorus 

Soil II without 
phosphorus 

Soil II with 
phosphorus 

pounds 

0 

3,341,000 

4,150,000 

3,503,000 

3,438,000 

250 

4,127,000 

4,320,000 

3,418,000 

3,536,000 

500 

3,537,000 

3,540,000 

4,614,000 

4,421,000 

1,000 

3,439,000 

2,750,000 

3,781,000 

5,207,000 

2,000 

3,930,000 

2,520,000 

4,472,000 

5,781,000 

3,000 

4,127,000 

4,090,000 1 

i 

4,919,000 

5,683,000 


Neutral point (Veitch method) 


4,000 

4,422,000 

5,820,000 

7,348,000 

10,005,000 

5,000 

i 5,306,000 

7,700,000 

9,741,000 

17,392,000 

7,500 

5,601,000 

7,070,000 

15,827,000 

14,297,000 

10,000 

3,341,000 

6,680,000 

14,973,000 

7,959,000 

20,000 

6,682,000 

10,750,000 

14,892,000 

’ 3,635,000 

40,000 

9,335,000 

I 

13,050,000 

18,199,000 

9,826,000, 
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both soils, as shown in figure 1. The 4000 and 5000-pound applications of 
calcium carbonate resulted in relatively large increases in numbers. Additions 
of calcium carbonate in excess of 7500 pounds per 2,000,000 pounds* of soil 
gave somewhat uncertain results. There was a decrease in every case ac- 
companying an application of 10,000 pounds as compared with 7500 pounds 
of calcium carbonate. The 20,000 and 40,000-pound applications brought 
about marked increases in numbers. These fluctuations were probably due 
to the adjustment of the soil reaction to the point where it was more suitable 
to the requirements of some forms which developed in vast numbers under this 
optimum soil reaction. It seems quite evident that the application of calcium 
carbonate caused decided changes in the number of bacteria in these soils. 
The maximum increases in numbers had apparently not been reached in three 
of the four cases by applications of 40,000 pounds of calcium carbonate per 
2,000,000 pounds of soil. Similar trials with calcium oxide produced marked 
decreases in the number of bacteria in these soils following the larger appli- 
cations. This was probably due to the partial sterilizing action of calcium 
oxide previously referred to. 


THE EFFECT OF CALCIUM CARBONATE ON THE RATE OF AMMONIF1CATION 

Soils I and II, after the treatments with calcium carbonate and mono- 
calcium phosphate previously referred to, were used in the experiments on 
ammonification. The source of nitrogen was Hammarsten’s casein. hnough 
casein was added to supply 160 mgm. of nitrogen per 100 gm. of sod. lhe 
soil was then given an optimum moisture content and incubated I in tumbler 
for 3 days at room temperature, after which analyses were made for ammoma 
by distillation with magnesium oxide. Each figure given in ta c r ^ 
the average of two determinations which checked -uaUy w m fe th 
1 mgm. per ifo gm. of soil. Other detenn.nat.ons, not reporte n tfos paper, 
were made in which only 40 mgm. of nitrogen were adder , y 

factory results. The author believes that 160 mgm. of Jf n Toftof 

of soil are likely to produce abnormal conditions in a sod, althoug 

ui mjii are iia-cij iv litprntnre even larger amounts 

the ammonification experiments reporte 

of nitrogen were supplied. q{ ammonific ation of casein, per 

The greatest relative increase i t plications 0 f 2000 pounds 

unit of calcium carbonate applied, oc , : fj„ ure ? There 

was no marked increase m am ^ ^ number of bacter i a . Applk 

As previously shown, this was 2 , 000, 000 pounds of soil had a 

cations of 250 pounds of cak.um b Applications of 

tendency to cause a decrease m t raused only a slight increase 

calcium carbonate m excess of p 20 qqq anc [ 40 , 000 -pound 

in the amdunt of ammoma pro uce • * -| caseSi There was 

applications caused slight decreases in am 
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apparently no definite correlation between the number of bacteria and the 
amount of ammonia produced, although in general, increased amounts of 
calcium carbonate resulted in larger numbers of bacteria and more rapid 
ammonification. 


THE EFFECT OF CALCIUM CARBONATE ON THE RATE OF NldtlFICATION 


The effect of calcium carbonate on the rate of nitrification in soils I and II 
is shown in table 6. All figures in this and in succeeding tables of nitrification 


table s 

The eject of calcium carbonate on the rate of ammonification of casein* 


NtTEOCEN AS AMMONIA PER. 100 GM, OF SOU 


CALCIUM 


CARBONATE PER 
2,000,000 
POUNDS OF SOIL | 

. Soil I 
without 
phosphorus 

Soil I with 
phosphorus 

Soil Ilf 
without 
phosphorus 

I Soil II 
without 
phosphorus 

Soil II with 
phosphorus 

Soil II with 
j phosphorus 

Pounds 

mgm. 

mgm. 

mgm. 

f 

mgm. 

mgm. 

mgm. 

0 

72.40 

60.70 

38.85 

22.89 1 

29.51 

\ 39,20 

250 / 

71.00 1 

61.00 ' 

40.25 

22.05 ! 

25.55 

37.38 

500 

72.80 

59.60 

45.36 

29.05 

28.00 

37.80 

1,000 

75.40 

62.40 

48.02 

29.40 

28.63 

44.31 

2,000 

78.50 

68.00 

57.54 

41.65 

43.40 

55.44 

3,000 

79.00 

70.00 

56.00 

44 . S 9 

45.36 

57.75 


Neutral point (Veitch method) 


4,000 

78.40 

70.60 ' 

60.41 1 

45.85 

56.84 

63.00 

5,000 

76.30 

70.80 ! 

67.27 1 

57.12 

j 64.61 

71.54 

7,500 

85.30 

74.80 

71.40 

57.05 

52.29 

67.97 

10,000 

83.60 

74.80 

74.48 

62.79 

63.07 

71.61 

20,000 

85.40 

77.80 ! 

77.40 

60.76 

55.27 ! 

68.81 

40,000 

87.50 

77.60 

77.42 

61.25 

51 . 61 , ! 

59.36 


* The results in each vertical column were obtained on the same day. Fluctuations in 
the temperature in the room are responsible for some of the diSerences observed in horizontal 
columns. 


t Four-day periods of incubation. 


represent averages of two determinations. As a rule, the duplicates agreed 
within less than 0.1 mgm. per 100 gm. of soil. Accordingly, only averages 
are reported. 

These soils were treated with calcium carbonate in varying amounts and 
with mono-calcium phosphate as previously outlined. At the end of the 12- 
week periods, samples of these soils of 100 gm. each were placed in 1000-cc. 
Erlenmeyer flasks for the nitrification experiments. To each flask were 
added 20 mgm. of nitrogen in the form of either ammonium sulfate or ammo- 
nium carbonate. After adding water to the optimum content, the soils were 
incubated for 21 days at room temperature, after which the nitrate determina- 
tions were made by the phenol-disulphonic acid method. 
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A study of table 6 and figure 3 shows that the addition of calcium carbonate 
is followed by an increased nitrification which correlates almost directly with 
the increased application of calcium carbonate. This correlation holds fairly 
well in every case with applications up to 5000 pounds per 2,000,000 pounds 
of soil. There is no sudden break in the correlation as the neutral point is 
passed. Applications of calcium carbonate in excess of 5000 pounds are 
followed by increased nitrification, although the curve of increase begins to 
incline more toward the horizontal. In half of the experiments the curve 
was still ascending with applications of 40,000 pounds of calcium carbonate. 


TABLE 6 

The effect of calcium carbonate on the rale of nitrification 


NITROGEN AS NITRATE PF.R 101) C.M. OF .SOIL 


CALCIUM CARBON- 
ATE PER 

Source ol nitrogen, ammonium sulfate j 

Source oi n 

,000,000 POUNDS 
OF SOIL 

Soil I* 
without 
phos- 
phorus 

Soil I 
with 
phos- 
phorus 

Soil II 

without 

phos- 

phorus 

Soil 11 
with 
phos- 
phorus 

Soil I | 
without 
phos- 
phorus 


mgm. 

mgm. 

%mgm. 

mgm. 

mgm. 

0 

1.08 

4.06 

5.28 

6.07 

f 38 

250 

1.38 

4.32 

4.39 

5.34 

1.93 

500 

1.43 

4.60 

4.40 

6.38 

2.11 

1,000 

1.82 

5.2,4 

6.15 

6.75 

2.21 

2,000 

2.29 

6.38 

8.50 

8.73 

3.01 

3,000 

2.96 

9.34 

10.48 

10.43 

3.55 



Neutral point (Yeitch 

method) 

4,000 

3.13 

11.92 

15.74 

12.50 

3.28 

5,000 

3.44 

13.86 

15.96 

15.00 

4.11 

7,500 

# 3.48 

16.37 

18.18 

15.38 

4.69 

10,000 

4.44 

19.35 

20.98 

15.98 

4.30 

20,000 

4.00 

20.45 

22.87 

16.00 

4.32 

40,000 

4.20 

22.55 

19 88 

15.00 

5.18 


Soil I 
with 
phos- 
phorus 

mgm. 

7.2 2 
8.24 

8.42 
9.52 

12.42 
15.30 


Soil II 

without 

phos- 

phorus 

5.29 

5,00 

5.42 

6.60 

9.03 

10.04 


Soil II 

with 

phos- 

phorus 

7.50 
8.00 
8.40 

8.55 

11.55 

12.50 



experiment was too dry- 

This is directly contrary to the cltoaltonTte necessary 

indicated that 50 per cent of the amount ^ ^ ^ ^ 

to supply the lime requirement of e reported to have acted 

mum rate of nitrification. Additional a 

injuriously. -firaiinn observed with the 

The marked increase in the rat ® ° ^ ds of calcium carbonate per 
addition of 2000 pounds as compare WOO p ^ increasc in the 

2,000,000 pounds of sod was not fo lovved J the increa scd number of 
nitrification. No correlation was found t *t*een * the 

bacteria in the soil and the rate of mtnficatron except that g 
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application of increased amounts of calcium carbonate caused an upward 
tendency in the number of bacteria, as well as in the rate of nitrification. 
Since the agar plate method is not designed to include the nitrifying bacteria, 
no data are available as to the actual number of nitrifying organisms which 
were present in the soils following ^ie applications of varying amounts of 
calcium carbonate. 

EFFECT OF CALCIUM CARBONATE ON THE RATE OF NITROGEN FIXATION BY 

* 

NON-SYMBIOTIC SOIL ORGANISMS 

Samples I and II were employed again in these experiments aftei* they 
had been treated as previously described. Shallow dishes having a depth of 
about 3 inches and a capacity of 400 gm. of soil were used for this work. Soil 


TABLE 7 

The effect of calcium carbonate on nitrogen fixation by non-symbiolic soil organisms 


CALCIUM CARBONATE PER 
2,000,000 

POUNDS OP SOIL 

* NITROGEN PTXED PER 100 GM, OP 

SOIL 

Soil I without phosphorus 

Soil II without phosphorusj 

Soil H with phosphorus 

founds 

mgr>L 


mgr*. . 

o 

0.7 

0.3 | 

2.0 

250 

0.3 

i 0.8 

3.6 

500 

0 5 

0.8 

3.6 

1,000 

1.0 

0.6 

4.6 

2,000 

0.7 

1.4 

3.8 

3,000 

! 

0.5 

! 

2.3 

11.3 


Neutral point (Veitch method) 


4,000 

0.1 

2.8 

12.2 

5,000 

1.8 

4.1 1 

12.7 

7,500 

2.0 

6.0 

15.8 

10,000 

1.5 

5.8 

10.1 

20,000 

2 1 

4.5 

12.6 

40,000 

1.4 ■ 1 

4.4 

9.9 


from the various pots to which the calcium carbonate and mono-calcium 
phosphate had been applied was placed in the dishes and mixed thoroughly 
with 2 per cent of mannit. Optimum moisture conditions were secured and 
maintained as nearly as possible by adding water twice daily to restore that 
lost by evaporation. ■ The soils were incubated 21 days at room temperature. 
After thorough drying, the entire samples were pulverized to pass a 100-mesh 
sieve and the total nitrogen was determined iji triplicate. The triplicates 
agreed usually within 0.05 mgm. of nitrogen on 10-gm. samples. 

From a study of table 7, it appears evident that both calcium carbonate 
and mono-calcium phosphate were essential to the highest fixation of nitrogen. 
The mono-calcium phosphate had such a marked effect in increasing the nitro- 
gen-fixing power of soil II, as shown in figure 4, that it would seem that phos- 
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phorus was equally as important as lime for the nitrogen-fixing organisms in 
this soil. The largest relative increase in nitrogen fixation followed an applica- 
tion of 3000 pounds of calcium carbonate per 2,000,000 of soil when accom- 
panied by the use of mono-calcium phosphate. Heavier applications of 
calcium carbonate caused an increase in nitrogen fixation until as much as 
10,000 pounds per 2,000,000 pounds of soil had been applied. This amount 
and heavier applications caused a decrease in nitrogen fixation. Apparently 
phosphorus was a limiting factor in nitrogen fixation in soil I, although time 
did not permit an experimental test of this point. The good effects resulting 
froni the use of acid phosphate on these soils under field conditions may be 
duein part to this increased nitrogen fixation accompanying its use. This 
again is indicated by the analyses of the West Virginia Station fertility plots 
from which the author and others have shown that the plot receiving acid 
phosphate and sulfate of potash has accumulated 1173 pounds of nitrogen 
per acre during the last 15 years which could not be accounted for except by 
nitrogen fixation from the air. The evidence shown in table 7 indicates that 
calcium carbonate is necessary in addition to the phosphorus for the most 

effective nitrogen fixation. . 

Following the suggestion of Christensen andLarsen (4), soil from each of 
the pots to which varying amounts of calcium carbonate had been applied, 
was used to inoculate Ashby’s solution in order to study the relation between 
the film development on the surface of the liquid and the lime requ.remento 
the soil The brownish film was very well developed in the flasks inoculated 
with soil which contained an amount of calcium carbonate in excess of the 
requirement of the soil and practically disappeared as the quantity of ralciu 
carbonate applied was reduced below the amount necessary ^ * 
requirement of the soil. The development of brown P'g^ ^ W a “ t y 
closely, related to the amount of lime in the soil and may W £ " 
of the need of lime by the soil. Other experiments which will be discus ^ 

later indicated, however, that nitrogen calcium . car bonate 


of ability to fix nitrogen, since no 


soil was found which did not show nitrogen 


fata tat. Ashby’s «**» 

21 days at room temperature, 

_ tuv fixation of nitrogen by b. 

THE EFFECT OF CALCIUM CARBONATE , R \ 

RADICICOLA OF THE SOYBEAN (SOJA MAX PIPER; 

• * A in*these experiments. One-gallon pots were 
Soils I and II were again used in these exp ^ Each ^ re- 

filled with these soils and the calcl “ m f C “ ^ium phosphate. The pots 
ceived an application of 0.2 ! P« ° been previoll5 i y inoculated with 

were planted to soybeans, the be 
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B. radicicola. Six beans were planted in each pot and later thinned to three 
per pot. After the beans had reached the stage where pods were formed, 
they were harvested, and records were taken of their green and dry weight, 
the number of nodules, the dry weight of nodules and the milligrams of nitrogen 
in the roots, tops and nodules. One crop was harvested from each pot during 
the summer of 1915 and another crop during the summer of 1916. The records 
are shown in tables 8 and 9. 

The number of nodules had a tendency to increase slightly with small appli- 
cations of calcium carbonate. Applications of more than 3000 pounds of calcium 
carbonate per 2,000,000 of soil caused a decrease in the number of nodules. 
This decrease was proportional to the amount of calcium carbonate applied. 
The dry weight of nodules was also decreased with large applications of cal- 
cium carbonate. The rate of decrease in dry weight of nodules with increased 
amounts of calcium carbonate was more marked than the rate of decrease 
in the number of nodules. The amount of nitrogen in the nodules was almost 
directly correlated with the dry weight of nodules, and decreased with addi- 
tional quantities of calcium carbonate. It will be noticed that in both cases 
the dry weight and total nitrogen of both stems and roots had a tendency 
to increase with small applicat^ns of calcium carbonate, but that applications 
in excess of 2000 pounds per 2,000,000 of soil had a tendency to cause a de- 
crease in dry weight and total nitrogen of the stems and roots. 

The total nitrogen fixed by soils I and, II during the two years in which the 
two crops of soybeans were grown was determined. Analyses of the soil 
were made before and after the beans were grown. The difference in the 
nitrogen content of the soil at these two periods plus the nitrogen removed 
in the nodules, stems and roots, after subtracting the nitrogen content of the 
seed and water used in watering the plants, represents the nitrogen secured 
from the air. 

The total nitrogen fixed in two years per 2,000,000 pounds of soil, as shown 
in the last columns of tables 8 and 9, indicate that soil II has had a more active' 
nitrogen-fixing flora than soil I. In so far as the chemical composition is 
concerned, the two soils correspond fairly well, as will be found by referring 
to the analyses of these two soils previously shown. By referring again to 
table 7, showing the rate of nitrogen fixation by Azotobacter , it will be seen 
that soil II was much more active in this respect than soil I. It is possible 
that a greater part of the nitrogen accumulated in soil II during the growing 
of the legumes was fixed in the soil through the agency of the non-symbiotic 
organisms. The nitrogen fixation had a tendency to decrease with applica- 
tions of calcium carbonate in excess of 2000 pounds per 2,000,000 pounds of 
soil, although the lime requirement of both soils indicated a need of 3500 
pounds. Apparently, with increased applications of calcium carbonate the 
rate of nitrification was so high, as indicated in table 6, that the soybeans were 
able to secure a greater part of their nitrogen in the form of nitrates. Large 
numbers of B. radicicola were present in all the pots whether treated with 
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TABLE 8 


The effect of calcium carbonate on nitrogen fixation by B. rad it kola of the soybean in soil I 


POT 

CALCIUM 

CARBONATE 

PER 

2,000,000 
POUNDS OF 
SOIL 

NUMBER 

NODULES 

STEMS 

ROOTS | 

SOIL 

Dry 

weight 

Total 

nitro- 

gen 

Dry 

weight 

Total 

nitro- 

gen 

Dry 

weight 

Total 

nitro- 

gen 

Nit 10- 
Ken in 
begin- 
ning 
per pot 

Nitro- 
gen at 
end per 
pot 

Nitrogen 
fixed per 
2,000.000 
poun<ls of 
soil 


pounds 


mgm. 

mgm. 

grams 

mgm. 

grams 

mgm. 

grams 

grams 

founds 

1 

* 0 

113 

653 

31 

13.2 ! 

348 

4.3 

40 

3.000912.8985 

93 

2 

250 

67 

887 

39 

14.2 

377 

5.1 

42 

3.0039 

2,8675 

98 

3 

500 

88 

749 

33 

14.3 

368 

4.4 

39 

3.0039 

12.8985 

107 

5 

2,000 

100 

1017 

47 

17.3 

464 

3.7 

35 

3.0039 2.8272 

130 

6 

3,000 

72 

560 

27 

14.9 

303 

3.4 

38 

3.0039(2.7900 

+8 


Neutral point (Veitch method) 


7 

4,000 

65 

317 

16 

It. 9 

342 

2.9 

37 

3.003912.7683 

8 

5,000 

79 

537 

26 

14.1 1 

363 

3.6 

39 

5.0039 2.8923 

9 

7,500 

84 

464 

22 

13.9 ' 

426 

3.8 

46 

3.00392.7218 

10 

10,000 

66 

212 

il 

11.2 

342 

3.6 

52 

3.0039 2.6660 

11 

20,000 

45 

220 

13 

10.3 

298 

5.1 

58 

3.0039 2.6815 

12 

40,000 

57 

221 

13 

12.2 

383 

§4 

50 

3.0039 2.6505 


0.1727 gm. of nitrogen in the soybeans planted. 

0.0043 gm. of nitrogen in the water used in watering the soybeans. 


TABLE 9 


The effect of calcium carbonate on nitrogen fi xation by B. radicicola of the soybean 


I 

1 

1 

POT 

CALCIUM 

CARBONATE 

PER 

2,000,000 
POUNDS OP 
SOIL 

NUMBER 

NODULES 

STE! 

Dry 

weight 

Total 

nitro- 

gen 

Dry 

weight 


pounds 


mgm. 

mgm. 

grams 

1 

0 

79 

781 

38 

14.8 

3 

500 

75 

744 

37 

15.2 

6 

3,000 

148 

577 

29 

13.5 


DUS 

ROOTS 

SOIL 

Total 

nitro- 

gen 

Dry 

weight 

Total 

nitio- 

gen 

Nitro- 
gen in 
begin- 
ning 
per pot 

Nitro- 
gen at 
end per 
pot 

Nitrogen 
fixed per 
2,000.000 
pounds of 
soil 

mgm. 

grams 

mgm. 

grams 

grams 

Pou mis 

394 

4.1 

46 

2.6181 

3.2008 

570 . 

440 

4.0 

42 

2.6181 

3.1860 

587 

371 

4.7 

45 

2.6181 

3.1418 

511 


Neutral point (Veitch method)^ 


8 

5,000 

71 

9 

7,500 

85 

10 

10,000 

66 

11 

20,000 

54 

12 

40,000 

33 


330 

251 

207 

124 

126 


12.3 

12.7 

11.8 
11.5 

14.4 


338 

370 

335 

341 

393 


3.2 
3.8 

3.3 

4.0 

3.0 


2.6181 

2.6181 

•2.6181! 

12.6181 

2.6181 


3.1358 

13.1270 

(3.0238 

2.9648 

12.9205 


476 

490 

408 

377 

265 


0.1727 gm. of nitrogen in thejoybeans planted. , 

0.0043 gm. of nitrogen in theater nsed in watering the soybean.. 
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calcium carbonate or not, although quantitative determinations were not 
made of their numbers. 


THE EFFECT OF CALCIUM CARBONATE ON SOYBEANS UNDER FIELD CONDITIONS 


In order to determine whether soybean yields are increased by the use of 
calcium carbonate on soil I under field conditions, it was decided to grow 
soybeans on the fertility plots of the station farm during the summer of 1916. 
Three varieties of soybeans were sown in rows across the plots and cultivated 
during the growing season. One-half of each plot received an application of 
calcium carbonate at the rate of 2 tons per acre in the form of ground lime- 
stone. The yields of hay produced are given in table 10. The previous crop 
records and the analyses of the soils of these plots are given In tables 1 and 11. 

TABLE 10 


Effect of ground limestone on yield of soybean hay on soil I 


I*LOTS 

TREATMENT 

CAICIOM- 

CARBONA1E 

REQUIREMENT 

PER 2,000,000 
j FOUNDS 

i 

YIELD OF HAY PER ACRE 

j 

j INCREASE WITH 
LIMESTONE 

j 

| No limestone 

Limestone 




i 

1 Pounds 

pounds 

i 

i per cent 

19 

N, P, K, CaO 

0 

5270 

! 5400 

+2 

20 

M, CaO 1 

0 

6390 

| 6850 

+7 

21 

Check 1 

2800 

1605 

1400 

-13 

22 

CaO 

0 

1920 

2430 

+26 

26 

M 

2800 

7150 

7360 

+3 

26 

N, P, K 

3200 

5300 

5370 

+1 

28 

P, K 

3600 

2820 

4690 

+66 

29 

N,K 

! 3400 

| 1285 

2280 

+77 

31 

N,P 

3200 

| 3375 

| 4460 

+32 

32 

K 

3600 

1495 

1995 

+34 

34 

p : 

3400 

3285 

4105 

+25 

35 

N 

1 

3400 

1220 ! 

1705 

+40 * 

i 

Averages 1 

3426 

4004 

+17 


From a study of the plots and the crop records, it would seem that the use 
of 2 tons of limestone per acre did not give sufficient increase in yield to justify 
the conclusion that soybeans will not grow well except on soils which have 
had their lime requirement satisfied. On plots 25 and 26, the soils of both of 
which have rather high calcium-carbonate requirements, but which also contain 
a fairly high content of nitrogen, the yield of soybeans was little affected by 
the limestone. This might mean that more nitrogen was secured from the 
soil on these plots and for this reason the crop, was larger. However, the 
nodules were plentiful on the roots of the soybeans on plots 25 and 26 and, 
therefore, we could assume that nitrogen fixation from the air was taking place. 
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EFFECT OF CALCIUM CARBONATE ON THE BACTERIAL ACTIVITIES OK DEKALB 
SOILS HAVING VARYING LIME REQUIREMENTS 


A large number of samples of add soils all belonging to the Dekalb series 
were chosen from various parts of West Virginia ami sent to the laboratory. 
From this number 12 samples were chosen which had calcium-carbonate 
requirements varying from 400 to 4600 pounds per 2,(K}(),0(X) pounds of soil. 
The analyses of these soils arc shown in table 11. These soils differ mostly 
because of the different systems of management practiced by the men who 
have farmed them since the areas from which the samples were chosen were 
cleared from the forest. Many of these areas had been farmed for from 
seventy-five to one-hundred years and others had not been farmed for more 
than a few years. 

♦ table u 


Analyses of soils of table 12 



fOCNDS PER 2,000,000 poems OP SOIL 

sample 

Nitiogcn 

Phosphorus 

Carbon 


pounds 

IT 

1 

pounds 

III 

3870 

1203 

41,420 

IV 

1604 

586 I 

| 21,790 

V 

1669 

680 

17,600 

VI 

3374 

697 

47,230 

VII 

3142 

902 

32,140 

vnr 

2042 

1216 

20,280 

IX 

2602 

662 

32,450 

X 

4142 

1135 

48,680 

XI 

3384 

660 

39,490 

XII 

2750 

706 

32,140 

XIII 

I960 

608 

21,900 

XIV 

3124 

753 

48,280 


Calcium -carlwnale 
loquirrmcnt 


Puu fid \ 

400 

1000 

1200 

1400 

1600 

2000 

2200 

2600 

2X00 

*200 

3X00 

4600 


The rates of nitrification, ammonification, and nitrogen fixation were stu l l 
i an attempt to determine whether there was any rclatton Ijetween the activi- 
es of the soil organisms and the calcium-carbonate requirements of these 

nitrification studies 100 gm. °f fia^and 

arbonate had been added were placed in 

icubated with optimum moisture content at r<wm ^ 
sing ammonium sulfate as the mtee o^mtropn, « ^ 

o supply 20 mgm. of nitrogen per , . • (s o{ ^ car bonate 

00-gm. samples of soil were used land ^ used M the ^ of 

mre added as in the nitrification test. . f m ^ ^ was 

ncubated in tumblers at optimum mo * 
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monia determined by distillation with magnesium qxide. Nitrogen-fixation 
tests were carried on by placing 10 gm. of soil in 100 cc. of Ashby’s solution in 
800-cc. Kjeldahl flasks for a period of 21 days at room temperature. To 
one set of flasks enough calcium-carbonate was, added to be equivalent to 
10,000 pounds per 2,000,000 pounds of soil. At the end of 21 days the total 
nitrogen was determined. All of the determinations on nitrification, ammoni- 
fication, and nitrogen fixation were performed in duplicate and these dupli- 
cates as a rule checked very closely. The results of these experiments are 
tabulated in table 12. 

In general the highest rates of ammonification occurred with soils having 
the lowest calcium- carbonate requirements. The applications of 2000 pounds 
and 5000 pounds of calcium-carbonate brought about marked increased in 
the rate of ammonification. Applications of 10,000 pounds of calcium car- 
bonate per 2,000,000 pounds of soil caused a decreased ammonification except 
in soils XIII and XIV, which had calcium-carbonate requirements of 3800 
and 4600 pounds, respectively. Apparently the application of 10,000 pounds 
of calcium carbonate per 2,000,000 of soil on soils having calcium-carbonate 
requirements of less than 3800 pounds is injurious to ammonifying organisms. 

There was no very definite correlation between the rate of nitrification of 
ammonium sulfate and the calcium-carbonate requirement of the soils. In 
general, the soils having high calcium-carbonate requirements had a very low 
nitrifying power. With soils having calcium-carbonate requirements in 
excess of 2200 pounds per 2,000,000 pounds of soil, the nitrifying organisms 
did not become markedly active even with large applications of calcium car- 
bonate. Either the nitrifying organisms were almost ehtirely absent or had 
become very inactive because of the unfavorableness of the medium in which 
they were living. 

There was no very marked correlation between the calcium-carbonate 
requirement of these soils and the nitrogen-fixing power of the soil organisms 
, in Ashby’s solution. Soil XIV, having a calcium-carbonate requirement of 
4600 pounds, was able to fix nitrogen to the extent of 2.9 mgm. per 100 cc. of 
Ashby’s solution in 21 days. The rate of nitrogen fixation was increased in 
. every case by the addition of calcium carbonate, but the effect was more 
marked on soils having a high requirement than in soils having a low calcium- 
carbonate requirement. It seems remarkable, however, that nitrogen fixa- 
tion took place in all cases even though some of the soils had very high lime 
requirements. 

EFFECT OF FERTILIZERS ON THE BACTERIAL ACTIVITIES OF SOILS 

These ‘experiments were conducted in order to determine what effect differ- 
ences in the fertilizer treatments of the same soil would have on the bacterial 
activities in the soil. Samples of soil were chosen from 12 plot£ of the fertilizer 
series of the fertility plots on the West Virginia station, some of- which differ 
considerably because of the fertilizer applications they have received during 
the last 15 years. Records of the treatments of the soil on these plots have 
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TABLE 12 

The effect of calcium carbonate on the activities of soil bacteria in Dekalb soils having varying 
lime requirements 



CALCIUM- 

CARBONATE 

CALCIUM 

son. 

requirement 
per 2,000,000 
POUNDS OF SOIL 

ARCONATE All Utu 

PER 2,000,000 
POUNDS OF SOIL 1 


Pounds 

Pounds ti 


[ 

400 | 

0 

2,000 

Ill 

5*000 

10,000 


f 

1 

0 

2,000 

IV 

1 ; 000 

5.000 

10.000 


( 

0 

2,000 

V 

1,200 <! 

5.000 

10.000 

0 


* 

2,000 

VI 

1,400 

5,000 


l 

10,000 


( 

0 

2,000 

vn 

1,600 

5.000 

10.000 


f 

0 


1 

2,000 

vrn 

1,800 | 

5,000 

10,000 



0 

2,000 

IX 

2,200 | 

1 

5.000 

10.000 

r o 

2,000 

X 

2,600 < 

1 5,000 

[ 10,000 

f 0 



2,000 

XI 

2,800 

5,000 

[ 10,000 


NTCIOCKN K1XKD IN 
100 CC\ OK 
ASH BY *S SOl-tlTlON 
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TABLE 12— (Continued) 


SOIL | 

CALCIUM- 
CARBONATE RE- 1 

CALCIUM 

NITROGEN PER 100 GM. OF SOIL 1 

NITROGEN 

TTXF.n IN 

QUIREMENT 

PER 2,000,000 
POUNDS OF SOIL 

CARBONATE APPLIED 

PER 2,000,000 
pounds of son. 

Nitrogen as 
ammonia from 
casein 

t Nitrogen as 
nitrates from am- 
monium sulfate 

100 CC. OF 
ASHBY’S SOLUTION 



pounds 

mgm. 

relative | 


relative ' 

mgm. ] 

relative 


f 

0 ! 

49.6 

100 1 

0.4 

100 

4.4 1 

100 

XII 

3,200 

2,000 

70.5 

142 

1.4 

350 




5,000 

93.0 1 

187 

2.0 

500 




l 

10,000 

89.5 

18Q 

3.2 1 

800 

5.6 

127 


f 

0 

46.0 

100 

1.1 

100 

5.4 

100 

XIII 

3,800 

2,000 

62.1 

135 

3.0 

273 




5,000 

76.3 

166 

4.5 

410 




t 

10,000 

81.3 

177 

3.8 

345 

7.1 

131 


. f 

0 

30.0 

100 

0.3 

100 

2.9 

100 

XIV 

4,600 | 

2,000 

45.5 

152 

0.7 

233 





5,000 

72.4 

*241 

1.1 

367 




1 

10,000 

86.3 

288 ■ 

0.7 

233 

4.4 

152 


been given in table 1 previously referred to. Analyses of the soil on the vari- 
ous plots were made and are recorded in table 13. 

The studies in nitrification, ammonification, and nitrogen fixation were 
conducted in the same manner as previously mentioned in the discussion of 
the 12 soils of the Dekalb series with varying calcium-carbonate requirements. 
It will be remembered that the soil of the fertility plots is also Dekalb soil. 
The records of these experiments are shown in table 14. ; 

TABLE 13 

Analyses of soils of table 14 


POUNDS PER 2,000,000 POUNDS OF SOIL 


PLOT 

TREATMENT 

Nitrogen 

Phosphorus 

Carbon 

Calcium- 

carbonate 

requirement 


! 

pounds 

pounds 

Pounds 

Pounds 

19 

N, V, K, CaO 

2130 

765 

24,500 

0 

20 

M, CaO I 

2700 

1045 

32,500 1 

0 

21 

Check 

1830 • 

590 

21,200 

2800 

22 

CaO 

1750 

510 

19,400 

0 

25 

M 1 

3240. i 

1220 1 

36,800 

2800 

26 

N,P,K 

2665 1 

900 1 

30,400 

3200 

28 

P, K 

2280 1 

850 

26,000 

3600 

29 

i*,K 

2290 ! 

| 640 ! 

27,000 

3400 

31 

|N,F 

2395 1 

880 

28,000 

3200 

32 

' K 

2310 

740 

29,200 

3600 

34 

P 

2300 1 

885 

28,200 

3400 

35 

* 1 

2100 

620 

28,800 

3400 


N indicates nitrate of soda; P, acid phosphate; K 7 sulfate of potash; M, manure. 
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TABLE 14 

The effect of calcium carbonate on the activities of soil bacteria in Dekalb soils 'chick have received 
varying fertilizer treatments 


N, P, K, CaO. 


CALCIUM* 
CARBONATE | 
REQUIRE- 
MENT PER 
2,000,000 
POUNDS OF 
SOIL 


CALCIUM 

CARBONATE 

APPLIED 

PKR 

2 , 000,000 
POUNDS OF 
SOIL 


Poun-di 


NITROGEN PER 100 OM. OP SOIL 


NitroRen as Nitrogen as 
ammonia fiom nitrates from am- 
casein monium sulfate 


N, CaO.. 


Check. 


2,800 


CaO.. 


pounds 
0 | 
2,000 

5.000 

10,000 

0 

2.000 

5.000 

10.000 

0 

2,000 

5.000 

10.000 

0 

2,000 

5.000 

10.000 


M.. 


N, P, K.. 


P,K. 


N, K.. 


N, P.. 


2,800 


3,200 


3,600 


3,400 


3,200 


tngm. I 

78.3 i 

80.1 

78.3 

77.4 

87.8 

89.5 
87.0 
84.3 

60.6 

65.8 

78.2 
79.7 

718 

75.2 
I 82.9 
| 82.7 

I 

I 71.7 


relative 

100 

102 

100 

99 

100 
102 
99 
96 


0 

2.000 j 75.3 

5.000 | 90.5 

10.000 | 90 0 


0 

2,000 

5,000 

10,000 

0 

2,000 

5.000 

10.000 

0 

2,000 

5.000 

10.000 

0 

2,000 

5,000 

10,000 


70 1 

80.3 

85.5 

86.6 

58.4 
66.2 

76.3 

82.4 


mint. 

15.3 

18.5 

19.5 

20.3 

17.5 
21'. 5 

22.5 

22.0 


100 I 1.2 
108 j 5.4 
129 | 11.8 
131 ! 15.5 


105 

115 


100 

105 

126 

125 

100 

114 

122 

126 

100 

109 

131 

141 


56.6 i 100 
65.9 | 116 
75.5 | 133 
81.8 j 144 


60.9 
68.7 

82.9 
85.2 


100 

113 

136 

140 


1.5 

4.8 

7.0 

10.0 

1.8 

5.8 
9.7 

12.8 


NITROGEN FIXED IN 
I0O IT. or 
ASHItv’S SOLUTION 


relative 

100 

121 

127 

133 

100 

123 

129 

126 

100 

450 

983 

1275 


8.5 | 100 

15.8 | 187 

18 3 i 215 

22.0 ! 259 


6.7 j 

12.5 | 
16.3 1 

21.5 j 


100 

186 

243 

321 


5.6 


7.5 


6.2 


6.4 


3.7 


4 2 


2 6 


4.8 


5.1 


2.9 j 100 

7.0 I 241 

9.3 | 321 

13.8 | 475 

1 .4 i 100 

4.3 ! 301 

8.5 ! 601 

13.0 | 928 


100 

320 

467 

667 


relative 

10ft 


134 


100 


100 


113 


100 


7.2 


4.2 


6.1 


4.3 


5.1 


6 8 


4.4 


100 
322 
504 
701 I 5.5 


185 


100 


141 


100 


145 


100 


128 


100 


133 


100 


125 
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TABLE 14— (Continued) 


TREATMENT 

1 

CALCIUH- 
| CARBONATE 1 
j REQUIRE- i 
MENT PER 1 
2,000,000 1 
POUNDS OR | 

son. 

CALCIUM 

CARBONATE 

APPLIED 

2,000,000 
POUNDS OF 
SOIL 

NITROGEN PER 100 GM. OF SOIL 


Nitrogen as 
ammonium from 

1 casein 

Nitrogen a c 
nitrates from am- 
1 monium sulfate 

V 

100 cc. of 
ASHBY’S solution 


pounds ! 

Pounds 

mgm. 

relative | 

mgm. 

relative 

ingm. 

1 relative 


f 

0 

47.9 

100 

i.i ! 

100 

7.4 

100 

K ' 1 

3 600 < 1 

2,000 

57.4 

120 | 

2.5 i 

237 




5,000 j 

75.7 

158 

5.0 

454 




1 | 

10,000 

84,0 

174 ! 

6.6 ! 

600 

7.6 

103 


r 

0 

49.5 1 

100 

u 

100 

5.3 

100 

P 

3 400 < 

2,000 

| 65.0 ! 

131 

i 3.4 

301 





5,000 

1 79.4 1 

160 

7.0 

636 




1 

10,000 

84.3 j 

170 

8.5 

i 

772 

7.6 

i 143 


( 

0 

1 

50.2 | 

100 

1.1 

100 

3,8 

100 

M 

3 400 < 

2,000 

64.9 ! 

129 

2.9 

272 

i 


IN ♦ 


5,000 

78.6 i 

156 

5.5 

500 




1 

10,000 

83.1 ! 

165 

| 

663 

6.9 

j 182 


Nitrification of ammonium sulfate was not very active in these soils except 
on the plots where lime had been applied in the field. Even the soil of plots 
26, 28 and 31, which had been producing very satisfactory crops as indicated 
in table 1, did not contain vigorous nitrifying organisms. The rate of nitri- 
fication was materially increased by applications of calcium carbonate. The 
nitrifying organisms were much more active in the soil from the manure plots 
than in the soil from any of the other plots except where lime had been applied. 
There was a general tendency for the rate of ammonification of casein to 
decrease with an increase in the lime requirement of the soils. There were some „ 
marked exceptions to this tendency, notably plots 25 and 26. A study of the 
analyses of these plots shows a high total content of nitrogen and organic 
matter. No lime has ever been applied to plots 25 and 26. This increased 
nitrogen in the form of protein represents an increased amount of material 
available for the action of ammonifying organisms. If a large amount of 
nitrogen has been stored up in the soil, the amount of ammonia produced 
without any applications of calcium carbonate would be sufficient to produce 
satisfactory yields of those crops which are able to utilize ammonia, on a soil 
having lime requirements no higher than those of plots 25 and 26. The 
tendency for small applications of calcium carbonate to be relatively much 
more effective than larger applications was again shown in these experiments. 

It was evident that ammonification proceeds fairly satisfactorily without the 
application of calcium carbonate, especially, as suggested in the preceding 
discussion, if the content of organic nitrogen is high. Large applications of 
calcium carbonate had a tendency to reduce the rate of ammonification. 
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Nitrogen fixation took place very readily in Ashby’s solution when inoculated 
with soil from any of the plots. There did not seem to beany correlation be- 
tween the calcium-carbonate requirement and nitrogen fixation. The addi- 
tion of calcium carbonate to Ashby's solution caused an increase in nitrogen- 
fixation in every case, but this increase was no more marked in soil having a 
high lime requirement than in soil having a low lime requirement. 



Fig. 1. The Effect of Calcium Carbonate ox the Numbe 

and II 


Bacteria in Soils I 


SUMMARY AND CONCLUSIONS 

This investigation was llmewhat distantly re- 
possibilities of a system oUad ^ ^ relation between the 

moved from a source of lime. - - J accumulation and nitrogen 

activities of the soil bacteria concerne ^ soi]s ^ ^ require - 

transformations and the lime requirem calcium carbonate per 

2,000,000 pounds of soil. To dlflerent ‘ t t o 2 per cent of the weight 

ate was added in amounts ranging from 0.01 per cent P 
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of the soil. The data accumulated show that the various groups of soil 
organisms vary in their response to applications of calcium carbonate. 

Ammonifkation proceeded fairly satisfactorily in most of the soils without 
the application of lime. The use of moderate amounts of calcium carbonate 
increased the rate of ammonification in most cases. Small applications were 
much more effective, relatively, than large applications. 



Pounds calcium carbonate per 2,000,000 pounds soil. 

Sod 1 So)! II 

So) HI w'rfh four day period of incubation \ 

Fig. 2. The Effect of Calcium Carbonate on the Rate of Ammonification in Soils I 
and II with Phosphorus 

The rate of nitrification was almost directly correlated with the amount of 
calcium carbonate supplied. Excessive applications were not injurious to the 
nitrifying organisms. Soils having high lime requirements showed practically 
no nitrification until calcium carbonate had been mixed with them. 

Nitrogen fixation by non-symbiotic soil organisms was considerably in* 
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creased by the addition of calcium carbonate. The application of mono-' 
calcium phosphate also was necessary for maximum nitrogen fixation. All 
of the soils studied accumulated considerable amounts of nitrogen when in- 
cubated in Ashby’s solution without' the addition of calcium carbonate, 
although its use increased the rate of nitrogen fixation. 

A lime requirement of 3000 pounds was not sufficient to prevent a good 
growth of soybeans on soil well fertilized with acid phosphate or manure. 
Nitrogen .fixation accompanying the growth of soybeans took place readily 



in 


U. add „ils. Thi. fa.« « “ fc "“ i 

by large applications of calcium car onate. 

From these facts the Mowing condusions^e^^ need not suffer from 

1. Plants which are able to utilize requirements no higher 

nitrogen hunger when grown on soils having lime q 

than those studied in these mvcsti.gations. ^ ^ nitrogen may 5U ffcr 

2. Plants which depend on nitrates requirements, 

„» « .1 • 

unless these requirements ha 
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, 3. The supply of nitrogen in acid soils may be maintained by growing acid- 
resistant legumes, of which the soybean is one. Undoubtedly, the use of 
acid phosphate aids materially in the nitrogen-fixation processes in acid soils. 

4. Small applications of calcium carbonate are, as a rule, relatively more 
effective than large applications as a means of increasing the bacterial activities 
in acid soils. # 

Acknowledgment is due Dr. E. B. Fred of the University of Wisconsin 
for many helpful suggestions and criticisms offered during the progress of 
this investigation. 



Pounds calcium carbonate per 2,000,000 pounds of soil. 

- With phosphorus WUhout phosphorus. 


Fig. 4. The Effect of Calcium Carbonate on Non-Symbiotic Nitrogen Fixation in 

Soil .II 
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The physical properties of soils in the field or laboratory may be appre- 
ciably modified by the addition of certain acids, bases, and salts. It is also 
true that a still more pronounced change in the soil properties will result if 
some of these added substances are washed either wholly or partly from the 
soil with water. To be consistent with the more recent theoretical reasoning, 
one must regard the changes in the degree of dispersion of the soil particles and 
the consequent alteration in the interfacial surfaces as important effects of 
such salt treatments. The more commonly noted effects as the changes in 
permeability, capillary activity, response to cultivation, and other similar 
soil factors are, we believe, to be properly regarded as incidental to and de- 
pendent upon the effects mentioned above. 1 Frequently, the exact relation- 
ship between these more obvious effects of salt treatments and the changes 
brought about in the interior soil surface are obscured by factors, the ex- 
pressions for which have not been established. It is evident that those 
methods which most closely approach, either directly or indirectly, the meas- 
urement of the interior surface of soils are the most suitable for studies con- 
cerned with this phase of soil physics. Among the several methods which 
have been used in this laboratory for this purpose, the centrifugal determina- 
tion of the moisture equivalent described by Briggs and McLane (1) seems to 
be one of the most promising. 

Briggs and Shantz (2) have already pointed out the existence of important 
relationships between the moisture equivalent and the hygroscopic coefficient, 
the water-retaining power, and the mechanical analysis of soils. In addition 
they have correlated these coefficients with the wilting coefficient. Thus 
a single determination provides a comparatively simple, convenient, and 
fairly accurate means of connecting the physical properties of soils wit t eir 
effects on biological processes. These reasons are sufficient to warrant a 
study of the salt effects on soils as indicated by the moisture-eqmvalent 
determinations. The first part of this paper presents the data secured by us 


' Any effects which might be directly attributed to c anges m h 
the liqtffd phase, i.e., surface tension, vapor pressure, and ™ S 

discussion. We are dealing here with the changes m the sohd phase, the sod parses. 
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in our studies. Aside from its usefulness in the direcgons already referred 
to, the moisture equivalent may be a means of obtaining a clearer conception 
of the comparative magnitudes of the interior surfaces of soils. At present 
this is purely a theoretical consideration and the few words devoted to it 
in the second part of this paper will suffice to explain it. 

EXPERIMENTAL DATA 

Duplicate 100-gm. portions of the Davis clay loam soil, which had passed 
the 2-mm. sieve were treated with 80 cc.' of the salt solutions of the concentra- 
tions specified in table 1. From one of these portions the salt was washed with 
distilled water before centrifuging, while a sample from the other portion was 
subjected to centrifuging without washing. In numbers 19 to 21, inclusive, 
a sufficient quantity of the various salts was added to yield an amount of base 
equivalent to 3 gm. of sodium to 100 gm. of soil. Table 1 gives an outline of 
these treatments and the corresponding moisture equivalents. 

The data given in table 1 show that the addition of NaCl and NaoSCh to 
the Davis soil did not materially itiodif y the moisture equivalent. In all 
probability the explanation of this lies in the fact that the smaller soil particles 
are flocculated to such, a degree under normal conditions that the further 
addition of the flocculants NaCl and NasSCh proved to be without measureable 
effect on the moisture equivalent. On the other hand, it is likely that if a 
soil, the particles of which- were in a state of diffusion, were substituted for 
the Dads soil, then more noticeable effects would result from the application 
of flocculating agents. 

To formulate an explanation for the behavior of the Davis soil to which 
Na 2 COs and NaOH had been added is not as simple as in the case of the 
neutral salts. We would expect that these alkaline substances would increase, 
very markedly, the degree of dispersion of the soil particles. That this is not 
always the case is evident from some other experiments in which Na 2 C03 (3) 
under certain circumstances was shown to lack the deflocculating power 
exhibited by NaOH toward suspensions of the Davis soil. This probably 
accounts for the similarity of the moisture equivalent of the soil treated with 
Na 2 C0 3 and that of the control soil in the present experiments. As pre- 
viously mentioned, NaOH of certain concentrations increases the degree of 
dispersion of the soil particles. A corresponding increase in the moisture 
equivalents of the soils treated with the proper concentrations of NaOH 
should logically follow. On the contrary, our experiments seem to indicate 
that the moisture equivalent is not changed by the addition of NaOH. We 
are not, at this time, in a position to offer a satisfactory explanation of this 
behavior. On the whole, it can be said that while the added salts are present 
in the soil, little or no change in the moisture equivalent was observed. 

A very different effect is produced if these same salts are washed from the 
soil with water. The soils so treated seem to possess a new and peculiar set 
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TABLE 1 


Ejfect of salts atunvasking treatments on th moisture equivalent of the. Davis soil 


jj 

SALT 

CONCENTRATION 

;alt added - 

VKJISTV'RF EQUIVALENTS 

PER 100 

GW. OP 

Salt present 

Salt leached nut 

I 

)uplicates 

Average I 

)uplicalcs 

Average 




iroms 









19.06 


19.34 


1 

00 

00 

00 

19.46 

19.26 

18.97 

19.15 



’ 


20.10 


24.26 


3 

NaCl 

N 

4.680 

19.30 

19.70 

25.43 

24 94 





19.20. 


22.08 


4 

NaCl 

N/10 

0.468 

20.00 

19.60 

22.21 

22.14 





19.00 


22.29 


5 

NaCl 

N/SO 

0.093 

19.90 

19.45 

22.41 

22.35 





1 20.10 


21.53 


6 

NaCl 

N/100 

0.046 

19.30 

19.70 

21.39 

21.46 





19.00 


32.19 


7 

Na 2 SO< 

N 

5.680 

19.20 

19.10 

31.91 

32.05 





19.80 


22.97 


8 

NagSOi 

N/10 

0.568 

19.70 

19.75 

22.81 

22.89 





20.00 


21.45 


9 

Na 2 S0 4 

N/50 

0.113 

19.70 

19.85 

21.61 

21.53 





20.20 


20.73 


10 

NajSC>4 

N/100 

0.056 

20.10 

20.15 

20.42 

20.57 





19.62 


29.45 



Na 2 COj 

N 

4.240 

19.64 

19.63 

28.35 

28.90 

11 










20.01 


20 03 




N/10 

0.424 

20.03 

20.02 

20.00 

20.01 

12 

Na 2 CO s 









18.40 


19.05 




N/50 

0.085 

18.77 

18.53 

19.05 

19.05 

13 

Na^COj 









18.86 


18.69 

18.69 



N/100 

0.042 

18.74 

18.80 

18.70 

14 

Na 2 CO, 









19.92 


29.70 

30.01 




3.200 

20.11 

20.01 

30.32 

15 

NaOH 

N 










20.52 


22.24 

24.18 



'n/io 

0.320 

20.07 

20.29 

24.13 

16 

NaOH 


— 

— 

— 
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TABLE 1 (Cont.) 


j 

SAIT 

CONCENTRATION 

SAIT ADDED 
PER 100 
GM, OF 
SOIL 

t 

MOIST TIRE EQUIVALENTS 

Salt present 

Salt leached out 

1 

Duplicates 

Average 

Duplicates 

Average 




grams 









19.24 


19.44 


17 ! 

NaOH 

N/50 

0.064 

19.37 

19.30 

19.24 

19.34 



i 


18.58 


19.43 


18 

NaOH 

N/100 

0.032 

18.73 

18.65 

19.44 

19.43 







30.96 


19 

NaN0 3 

Salt added equiva- 

11.078 



30.32 

30.64 



lent to 3 gm. of 


| 






base per 100 gm. 




32.86 


20 

NaC 2 H 3 0 2 

of soil 

15.620 | 



29.60 

31.23 







19.88 


21 

CaCb 


* 8.300 



19.22 

j 19.55 


of physical properties. As shown in table 1 the moisture equivalent of the 
Davis soil is markedly increased by such treatments. The extent to which 
the moisture equivalent is changed depends upon the salt used. Thus the 
washing out of all the sodium salts was accompanied by a considerable in- 
crease in the moisture equivalent, while the washing out of CaCh did not 
perceptibly alter this factor. Since the leaching out of other salts as KC1, 
KjSCh, KNCh and (NHO 2 SO4 produces an effect quite similar to that existing 
after the sodium salts have been leached from the soil, it is highly probable 
that the washing out of the salts first mentioned would produce effects on the 
moisture equivalent commensurate with those found when sodium salts have 
been leached from the soil. 

The amount of change in the moisture equivalent due to leaching seems to 
depend also upon the anion with which the sodium is associated. In the experi- 
ment reported Na 2 S 04 produced the greatest effect, followed in order by 
NaOH, Na^COs and NaCl. Of course, equal quantities of sodium are under 
comparison. 

The absolute quantity of salt with which the soil has been treated is like- 
wise an important factor in determining the extent to which the soil will be 
modified. The larger applications followed with washing of salts invariably 
produced the greater effects on the moisture equivalent. The two smaller 
applications of Na 2 C0 3 and NaOH were without a measurable effect. The 
application of some of the results of the investigations of Briggs and Shantz 
to our own problem of handling the salt-treated, water-wished soils has 
enabled us to see more clearly the reasons for the difficulties involved in 


MOISTURE EQUIVALENT DETERMINATIONS OF SALT-TREATED SOILS 467 


attempting to grow plants in such diffused soils, and have offered us valuable 
suggestions as to the proper procedure for alleviating these conditions. 


THEORETICAL DISCUSSION 


The optimum physical conditions for plant growth in such heterogeneous 
mediums as the soil mass must obviously depend in some measure upon the 
interfaces between the various phases and the factors affecting them. As 
mentioned ingthe first, part of this paper, one of these factors is the effect of 
salts on the degree of dispersion of the soil particles. Furthermore, in many 
cases the leaching out of salts is instrumental in bringing about a greater change 
in the degree of dispersion of the soil particles than that produced by the mere 
addition of the salts, and hence it would seem that the salt and water treat- 
ments would also be accompanied by greater changes in the mtcrfacial sur- 
faces These statements serve to introduce some of the intricacies of the 
problems involved in the measurement of surfaces within the sod mass, especi- 
ally those affected by salts. . ; 

We now propose to consider the moisture equivalent determination a 
functions of the interior surfaces of soils. Our assumption presupposes tktl 
ZSw equivalent varies directly as the surface of the sohd sod parttcles. 

"totl i— * « «•*> “ ; k “ 

of IqStold 4e UqSair surface in the capillary spaces are of the 

any two soils may show wit re P ^ between particles , or the 

centrifuging, lies in the number o p the water usually 

number 1 of capillary spaces we are enabted t k tead ov er the surfaces 
designated by the term “motstum ^^“rfl would vary directly 
of the two soils to an equal depth, and h 

as the volume of water retained. and R lhe volume5 of 

n- * * * ■ <“ “rcr lEt s * » “ “T 

water retained by two sods. Then tne ^ if a finite value 

S s = A/X and Sj = B/X, and \ is o # u appr oach absolute 

c^uld be assigned to X, then the figures for S, and 

values. , n i: ne 0 f reasoning lies in the factor 

The most serious objection to sue namel y i the number of cap- 

which we purposely neglecte or ^ a greater than that in t e 
illary spaces in which water may c0 thickness of the water ayers 

surface films. Obviously, in sue 



m 


L. T. SHARP AND D. D. WAYNICK 


would not be uniform throughout, which possibly invalidates any rigorous 
mathematical interpretation of the data obtained by the use of the centrifuge. 
On the other hand, the differences in thickness may not be so great as to mili- 
tate seriously against the correctness of the general proposition that the 
moisture equivalent is a more or less accurate function of the interior surface. 

But there are certain compensating factors which would tend to equalize 
the thickness of the water layers, even though the number of points of contact 
between particles should be increased. This can best be shown by the follow- 
ing sketch; 

In A two spherical particles are shown suspended in a liquid some of which 
has become closely associated with the surfaces of the particles. If the 
excess liquid is gradually removed the particles come closer together and the 
liquid films around them assume a form as in b . In the immediate region 
between the two spheres the thickness of the water films is somewhat de- 
creased, while further out from the spheres the film thickness is increased. 
C represents the final appearance of such a system when the excess water is 
removed by some force as that developed by centrifuging. In this case the 



Fig. 1 


particles are in contact with each other, necessitating a marked decrease in 
the thickness of the film adjacent to the point of contact. A further exami- 
nation of this system shows, however, that this decrease in thickness may be 
largely compensated for by a corresponding increase in the thickness of the 
water layers in the capillary spaces. In other words, the total volume of 
water retained and the actual surface of the particles are not materially 
changed by increasing or decreasing the number of points of contact between 
•the particles. Hence, the average thickness of the water film surrounding 
the soil particles would likewise be undisturbed. Evidently, the extent of the 
surface over which the residual water is to be spread is of more importance in 
determining the volume of water retained than the number of capillary spaces. 
The latter statement refers to soils having particles of the same size but differ- 
ing in the arrangement of these particles. Of course, any change in the 
actual size of the particles or even in their effective size necessarily means 
change in the interior surface of the soil, and hence a change in the moisture 
equivalent. It is for the reasons outlined above that the moisture equivalent 
is considered as an index of the interior surface of soils. 
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A second objection to our proposal lies in the fact that the conditions of 
an ideal system composed of spheres of the same size and pure water are not 
fulfilled by the soil system, for the soil particles are not spherical, nor are 
they of uniform size; hence the laws concerning the first type of system may 
not hold with the same exactitude for the soil-water-air system. Although 
the soil particles may be variously shaped, the indentures and other irregular- 
ities on their surfaces would act just as points of contact accompanied with 
interstitial spaces, so that, in the main, the surface of the particle would be 
the primary factor in the retention of water against any force. 

SUMMARY 

With these points in view we may conclude that the salt and water treat- 
ments have increased the interior surface of the soils from 2 to 40 per cent, 
the magnitude of the increase depending upon factors which have already ken 
mentioned. The salts alone have not measurably affected the interior surface. 
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The soil physicist has been very much interested during the past decade 
in trying to find some constant that will be a measure of the physical prop- 
erties of soils so that when comparing two or more soils, this so-called con- 
stant will express numerically the difference that may exist between such 
soils. 

Comparatively little work has been done by use of the moisture-equiva- 
lent determination and since some writers have claimed that there is a direct 
relation between the mechanical analysis of a soil, for instance, and its mois- 
ture equivalent, it was thought desirable to present a preliminary report at 
this time showing some results that have been obtained in the laboratory of 
the division of soil technology of the University of California, and to en- 


deavor to offer explanations of the results. 

The moisture equivalent was determined by use of the centrifuge designed 
by Briggs et al, (2. 3) and was operated at a speed of 2400 revolutions 
per. minute for a period of 30 minutes. This machine exerts a force 1000 
times that of gravity on the saturated soil contained in the centrifuge cups. 

The mechanical analysis was made by the Bureau of Soils method (4, 6) 
and special care was exercised to insure that the separation into the seven 
groups was made as accurately as possible. The analysis was made on 12 
different soil tyfes in duplicate, ranging in texture from coarse sand to clay 
and in origin from residual to recent alluvial. All of the particles belongi g 
„ th, mm. g»up ™ combined so .hot . ..[»« “f 
these seven groups would be obtained. The moisture equivalent for these 

calculated mdirectly, as most previous investigators have 
The results obtained from the moisture-equivalent determinations 

these seven grades of soil particles are gnen in ta e grades. 

The results obtained are gnen in ta ; hanira.1 ana ivsis gave 

and seem to indicate that the separation by the 
seven grades of soil material that ijn 7^ in minera l 

constituting any one group, and n 


content. 
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By noting the results obtained for the different-sized particles making 
up a soil, as given in table 1, it can readily be seen that textural grade has a 
definite influence on the moisture equivalent of the soils and that each grade 
has a definite capacity for holding moisture. 

There are soils in the western part of the United States which contain a 
large proportion of particles ranging from 0.05 mm. to 2 mm. in size, with a 
relatively small amount of silt and clay. They are, however, capable of 
holding sufficient moisture for the successful maturity of crops such as grapes, 
in regions where the annual rainfall averages below 15 inches and no irriga- 
tion is resorted to. 


table i 

Results obtained in moisture-equivalent dekrminaiions 


TEXTURAL GRADE ! 

SUB O? PARTICLES 

MOISTURE EQUIVALENT 

Fine gravel 

mm. 

2.0 -1.0 

per cent 

1.18 

Coarse sand 

1.0 -05. 

1.44 

Medium sand 

050 -0.25 

1.85 

Fine sand 

0.25 -0.10 

2.34 

Very fine sand 1 

0.10 -0.05 

4.62 

Silt 

0.05 -0.005 

24.99 

Clay .. 

0.005-0.0001 

61.03 



Fine gravel — 
Coarse sand. . . 
t Medium sand. . 

Fine sand 

Very fine sand. 

Silt 

Clay 


TABLE 2 

Results obtained in specific gravity determinations 


TEXTURAL GRADE 


SPECIFIC GRAVITY 


2.67 

2.64 

2.64 
2.69 
2.66 

2.65 

2.66 


The above results indicate that if it is possible to use the mechanical anal- 
ysis as an indirect method for the calculation of the moisture equivalent, the 
investigator must give to each textural grade a definite and distinct value 
and not disregard the sands, or group t three or four grades into one. 

Three synthetic soils were then made up from these .grades of soil particles, 
following the average mechanical analysis for these three soils as given by 
the United States Bureau of Soils (8), and the moisture equivalent was 
determined for these synthetic soils by the usual method. Before deter- 
mining the, moisture equivalent, however, the soils were allowed to stand in 
a moistened condition for ten days to allow a thorough saturation and an 
adjustment in the structure of the soil mass. The mechanical analysis and 
the moisture equivalent of these synthetic soils are shown in table 3. 
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Various formulas have been proposed for the calculation of the moisture 
equivalent from the mechanical analysis, of which the following two have 
received the most prominence: 

Briggs (5) proposed the values 

0.02 sands + 0.22 silt T 1.05 day = moisture equivalent, 
and Alway and Russell (1) 

0.14 sands + 0.27 silt -f 0.53 clay = moisture equivalent. 

The results obtained up to this time in our laboratory agree more closely 
with the latter formula than with the former, By noting the results given 
in table 1 it will be found that the sands total 0.11, the silt 0.25 and the day 

0.61. 


• TABLE 3 

Meckanicol analysis and moisture equivalent of three' synthetic soils 


SOIL TYPE 

PINE 

GRAVEL 

coarse 

SAND 

MEDIUM 

SAND 

TINE 

SAND 

VERY 

FINE 

SAND 

SILT 

('LAY 

MOIS 

TURK 

EQUIVA- 

LENT 

Loam sod 

percent 

2 

percent 

5 1 

per cent 

5 

per cent 

15 

percent 

17 

per cent 

40 

per ctnt 

16 

per cent 

21.02 

^anrlv !nam . 

4 

13 

12 

25 

13 

21 

12 

14.50 

T7in^ wnnv qoI < 

1 

4 

10 

57 

17 

7 

4 

6.65 

riuc xuiuj ju 11 ■ • * . . . • 

: 




1 





TABLE 4 


Determined moisture equivalent compared vilh calculated moidur^cquM 



MOISTURE EQUIVALENT 

SOIL TYPE 

Determined j 

Calculated 

Departure 


21.02 

20.86 

- 0.16 


14.50 

14.01 

- 0.49 

- 0.33 


6.65 

6.32 


Takine the values tor the moisture equivalent as determined tor each 
separate and then calculating the moistme equivalent! Jr usmg tovates 
in conjunction with the mechanical analysis o e s thet ; c so j] j t he 

paring the result with the for the various textural 

value of a formed . 0 * 1 * ^ in *ble 1 were: fine gravel 0.010, 

grades on the basis of the resiU g d „ 020 very fine sand 0.045, 

coarse sand 0.015, medium sand 0 . 020 , nne san 

silt 0.250, and clay 0.600. _ equivalent compared with the 

The results of the detenumd ^ soils are given in table 4. 

calculated moisture equivalent f calculated moisture equivalent 

U the sands are totaled the departur ter than if definite 

from the determined moisture eqm done the table, 

values are given to each of the san g rou ’ ^ d moisture equivalent 

The results given in table 4 show that the calc 
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is practically the same as the determined wtien separate values are given 
to the seven individual grades of texture, and not when determined by total- 
ing the five grades of sand or disregarding the sands and just considering the 
silt and clay content of a soil. 

A mechanical analysis was then made on 18 samples of soil, the moisture 
equivalent determined by use of the centrifuge as well as calculated, and the 
departure noted. The calculated moisture equivalents were in nine cases 
below the determined and in the others above. The departure of the cal- 
culated moisture equivalent from the determined ranged from —0.90 to +2.94. 

On a similar set of samples (ten in number) the mechanical analysis and 
the moisture equivalents were determined by some advanced students in 
our laboratory. The departure of the calculated moisture equivalent from 
the determined was greater than that found in the previous set' and ranged 
from —5.44 to + 5.31. 

For the third set of samples the mechanical analysis for 30 samples of soil 
were obtained from the report of the Bureau of Soils, The Soil Survey of the 
Ukiah Area, California. Duplicate samples of each of these soils were in 
our laboratory and the moisture equivalent was determined on them. The 
calculated moisture equivalent departed from the determined from —0.57 
to + 7.28. 

There were several samples of special interest in that the mechanical anal- 
ysis was practically the same, yet the determined moisture equivalent varied 
considerably. The results for some of these peculiar samples are given in 
table 5. 

The mechanical analyses of the first two samples given in table 5 are al- 
most identical, but the determined moisture equivalent of one is 30.80 and 
for the other 35.82. A similar condition exists for the other two samples 
noted in the same table. 

Taking the average mechanical analysis of several representative soil 
classes as given by the Bureau of Soils (8) and calculating their moisture 
equivalent by using the values for the various textural grades as given in 
table 1, the results shown in table 6 were obtained. 

Table 6 shows that from the average of a large number of mechanical 
analyses there is a direct relation between texture of the soil and its moisture 
equivalent. 

Alway and Russell state (1) “If the mechanical analysis is to be used for 
the indirect determination of the moisture equivalent, it will be necessary 
at least in the case of some widely-differing soil types to employ several 
different formulas.” 

From the results given in this and previous publications it becomes evident 
that one formula will not hold in all cases, if that formula is calculated by 
means of least squares as was done by Briggs and McLane (2, 3) or by direct 
determination of the moisture equivalent for the various separates, as was 
tried in this laboratory. 
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One factor that has been overlooked by must investigators has l)cen the 
influence of the shape of the soil particles on the moisture retentiveness of 
soils or on their moisture equivalent. Free states (7), “A very micaceous 
soil, for instance, has very different physical properties from one of the same 
mechanical analysis but composed of particles which are mainly spheres in- 
stead of disks.” The results reported in this paper for the three synthetic 
soils show that the calculated moisture equivalent agrees very closely with 
the determined moisture equivalent, keeping in mind that the same sepa- 

TABLE 5 


Mechanical analysis and moisture equivalent of four special' samples of soils 





m kih a: 

Sll'Al ANALYSIS 



UDIS- 

TIKE 

DESCRIPTION' OF SAMPLE 

Fine 

gravel 

Coarse 

sand 

Medium 

sand 

Fine 

sand 

Very 
' fine 
sand 

Silt 

Clay 

At, ENT 
DETER 
MINED 


per cent 

per cent 

per cent 

per cent 

per cent 

Percent 

per cent 

per t ent 

Residual surface soil (Climax 








30. W 

clay adobe) 

2 

2 

1 

6 

9 

33 

47 

Residual subsoil (Climax clay 








35 8. 

adobe) 

Recent alluvial surface soil 

1 

3 

1 

6 

9 

34 

46 

(Yolo silty clay loam) 

"Recent alluvial subsoil (Yolo 

1 

3 

2 

8 

11 

i __ 

14 

47 

25 

23 

25.9 

silty clay loam) 

2 

5 

2 

14 

45 

i l 


Calculated moisture equivalents of sree 


n soils 


Coarse sand 

Sandy loam 

Fine sandy loam. 

Loam 

Silt loam 

Clay loam 

Clay 


mmstike kquvalv.n 

CALHILATED 


6.58 

14.00 

15.04 

20.85 

25.91 

26.11 

54.82 


.... ™ u*d for 0. ttaWta » 

synthetic soil.. When «. I»«»> m » * “ ( „ Unc i„ 
soils varying widely in age and origin, the results 

agreement. .hat it would be possible to have one 

It was thought at first by the w for , <wind . laid ” ano ther for 

formula to be used for residua sw , ^ ^ ^ o{ the soi i particles, 

recent alluvial, etc.; which mig ^ q{ residua] origin as given in 

When one, however, secs how t ;l the same origin 

table 5 has the same mechanical analysis as the .. 
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and yet a considerably lower moisture equivajent, while on the other hand, 
a recent alluvial surface soil has the same mechanical analysis as its subsoil 
yet a considerably higher moisture equivalent, it is evident that any suggested 
formulas for calculating a constant such as the moisture equivalent from the 
mechanical analysis of soils are far from accurate. 

The mechanical analysis just considers the amounts of the various-sized 
particles in a given soil, while the moisture equivalent as determined by means 
of the centrifuge gives a soil constant which is influenced not only by the 
size and amount of the different particles present in a soil, but also by the 
shape of the soil particles, amount of organic matter present, amount of soil 
colloids present, chemical composition of the soil, etc. 

From the data given it is felt that while the moisture equivalent calculated 
from the mechanical analysis according to the formulas suggested gives 
approximate results, nevertheless they'are far from accurate for scientific 
work, and it will be necessary to make an actual moisture-equivalent deter- 
mination for satisfactory results. 
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The investigation of the water-soluble plant-food elements in soils offers 
one of the most fruitful methods of attacking problems in soil fertility. Of 
these elements, considerable interest has been evinced of late in the sulfur 
requirements of crops and the use of sulfur fertilizers. A number of recent 
articles on this subject suggest that possibly the sulfur nutrition of plants has 
not received sufficient attention. During recent investigations in this labora- 
tory as reported by Stewart (4), it became desirable to ascertain the exact 
amounts of sulfates present in water extracts of cropped and uncropped soils 


at all seasons of the year. 

For a correct determination of the elements extracted from soils by wa er, 
the usual gravimetric or volumetric methods do not suffice, owing to t e 
minute quantities present. The first compilation ol 1 special methods used m 
the analysis of water extracts of soils was presented by the Bureau of Soils 
(3) in li6. Of these methods, the turbidity method for sulfates as desen 
by the authors, Schreiner and Failyer, was first used. The 
sulfates by this method consists in comparing the turbi t> pro< : u 
addition of barium chloride to the water etfmct with fe tpM 
standard sulfate solution treated similarly. Ate a 

was discarded by us, inasmuch as con “ r | ® present, fairly accurate 
When from 10 to 20 parts per mihon o the results were 

results were obtained but with less than p P 


generally 30 to 40 per cent in error. ^ hv Winkler (5) and quoted 

The colorimtric I to “ ““ b ’ “I’d J», » 

by the Bureau of Soils (3) also w s means of barium chromate in 

precipitating the sulfate as banum s ^ chromate equivalent to the 
acid solution and upon neutralizing, a cslimated by comparison 

precipitated sulfate remains in so u om ^ ^ ^ that barium chromate 
with a standard chromate solu io • 8 of water> it was found necessary 

has a solubility of one part in , ; p million from the number 

to correct the final result by su trac mg • . a p ^ so ils used in this 

of parts per million of sulfate ouik . 5 times their weight of water, 

investigation, on being extracted with irom 
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yieideu. suiu Lions containing less than 8 parts per million of S0 4 , the use of this 
method for small amounts of sulfate was undesirable. 

Our attention was called to a volumetric method for the estimation of small 
amounts of sulfate in urine, as described by Raiziss and Dubin (2). This 
method depends upon the separation of the sulfate as insoluble benzidine 
sulfate followed by titration with N/10 KMnCh. A recent publication by 
Drummond (1) advocates titration with N/50 KOH. The permanganate 
titration, however, seems preferable for very small amounts of precipitate, 
owing to the fact that a relatively larger amount of permanganate is required 
for titration (approximately 17 times more N/50 KMn0 4 ) than N/50 KOH for 
the same amount of benzidine sulfate). The method of Raiziss and Dubin 
(2) lias been modified by us for the determination of small amounts of sulfates 
in water extracts of soils. In the investigations referred to above (4), 200 cc. 
of a 1 to 5 extract, representing 40 gm. soil, has been found in all the 14 soils 
examined, to contain sufficient sulfate for a convenient determination, using 
N/20 KMn0 4 . The amount of extract employed should be chosen so as to 
contain not less than 0.1 mgm. nor more than 5.0 mgm. of S0 4 . The method 
follows. 

Evaporate a suitable aliquot to dryness in a 200 cc. casserole on the steam 
bath. Ignite at a low heat to destroy organic matter. Take up with about 
0 cc. of dilute HC1 (1:9), digesting on a steam bath for 5 to 10 minutes. Fil- 
ter through a 5.5 cm. filter into a 500-cc. wide-mouthed Erlenmeyer flask, 
washing with several successive small portions of hot water until the volume 
amounts to 15 to 20 cc. Cool. Add one drop of phenolphthalem indicator % 
and make just alkaline with NaOH (10 per cent). Acidify with one drop of 
HCl (1:4). Add 10 cc. of benzidine hydrochloride (8 gm. per liter of water) 
and allow to stand 15 minutes with occasional shaking. Filter with gentle 
suction on a small asbestos pad supported by a porcelain plate in a glass filter 
tube. Wash with* three 5-cc. portions of cold water. Return the asbestos 
and precipitate to the flask by means of a jet of water and make the volume to 
about 200 cc. Add 1 cc. of 10 per cent NaOH and boil for 5 minutes. Cool to 
room temperature, add 20 cc. of concentrated H 2 S0 4 and titrate with N/20 
KMn0 4 until a pink coloration persisting 20 seconds is obtained. During the 
titration, the strong yellow color which first appears gradually fades and the 
solution becomes practically colorless before the end point is reached. 

Raiziss and Dubin (2) state that under the above conditions 1 cc. of N/10 
KMn0 4 equals 0.099 mgm. of S. By calculation, 1 cc. of N/20 KMn0 4 
equals 0.15 mgm. of S0 4 , which is taken as the factor. Next to a careful ad- 
justment of the acidity, the most important precaution has been found to be 
that of washing. When less than 15 cc. of wash water were used, high results 
indicated that the excess reagent had not been entirely removed while washing 
much in excess of 20 cc. caused low results, due to the slight but appreciable 
solubility of benzidine sulfate. 

In order to test the accuracy of the method, sulfate solutions of known con- 
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eentration were analyzed. These solutions had been carefully prepared by 
dilution of stronger solutions checked by the usual barium chloride method 
These results as well as 6 analyses of a typical 1 to 5 soil extract arc given in 
table 1. The method is believed by us to be more dependable than the tur- 
bidity or colorimetric methods previously described, especially for relatively 
small amounts of sulfate. 


TABLE 


Determination of sulfate by volumetric method 



ANALYSES OF KNOWN SOLUTIONS 

ANALYSES OF A SOIL 
EXTRACT 

N/20 

KMnOi 

l 

SO 4 

N /20 

KMr.Ch 

SOi | 

N /20 j 
KMnOi' 

SO< 

N/20 j 
KMtiOi 1 

SO 4 


cc. 

p.p.m. 

cc. 

p.p.m. 

cc. 

.p.p.m. 

cc. 

p.p.m. 

Theoretical 

1.0 

0.75 

10.0 

7.50 

20.0 

15.00 



Found 

0,8 

0.60 

9.5 

7.12 

19.6 

14.70 

4.U 

! 3.67 

Found 

0.9 

0.68 

9.6 

7.20 

20.0 

15.00 

4.8 

, 3.60 

Found 

1.1 

0.83 

9.6 

7.20 

19.9 

14.92 

4.8 

; 3.60 

Found 

0.9 

0.68 

9.8 ! 

! 7.35 

19.8 

14.85 

4.7 

! 3.53 

Found 

1.1 

0.83 

9.7 

7.27 

19.9 

14.92 

4.8 

3.60 

Found 

1.0 

0.75 

9.7 

7.27 

20.5 

15.37 

4.7 

! 3.53 

| 

Average 

0.97 

0.73 

9.65 

7.23 

19.95 

14.96 


l 

1 

Maximum error 

Average error 

20 per cent 

3 per cent 

5.0 per cent 

3 . 5 per cent 

’ 2.5 per cent 
j 0.25 per cent 

i 




SUMMARY 

The volumetric determination of small amounts of water-soluble sulfates in 
soils by titration of the precipitated benzidine sulfate with potassium perman- 
ganate is described. , 

The method is shown to have an average error of 3 per cent and is believed 
to be superior to colorimetric or nephlometric methods, especially for small 
amounts of sulfate. 
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INTRODUCTION 


The root -nematode, eel-worm or root-gallworm, has long been known in the 
United States, particularly in soils of the South and occasionally in soils of the 
northern states. It is also widely distributed in greenhouses and the direct 
or indirect damage done by the nematode is very great, l r p to dale, an 
entirely satisfactory remedy has not been found, consequently this aspect of 
the oroblem offers a rich field for investigation. At the outset, then, it was 
necessary to consider all possible phases, and as a result certain points are 
revealed in this study which are of general interest, but these do not directly 
affect or concern the problem of practical control. 

Since the discovery of the root-nematode in 1855 by Rev. M. J. Berkeley, 
it has been reported as occurring on 480 different species of plants, some of 
which are the tomato, celery, beet, lettuce, lima bean, radish, spinach, egg- 
plant, gardenia, carnation, sweet-pea, rose, violet, ginseng and other plants 


which are not so common. 

Nematode infestation becomes noticeable when the plants show dwarfing 
and have a general unhealthy appearance. In some cases, however, infesta- 
tion is not apparent until the roots are examined. An infested root is usually 
enlarged at the tip as a result of the irritation produced by the nematode. 
In thfa respect it differs from the round and lateral tubercles of bacteria for- 
mation, and furthermore, the swellings due to the root-nematode are elongated 

i» tk. «*■* *"*■»•’ l * 'Z 

parent eel-like produce a change 

liquid containing no sediment this inrasm 0 , ■ • i (s 

of location while in a solution containing smaller tce^ ^ ^ 

in locomotion due to inctm g* ? , 5/l in width . It is colorless, 
or approximately 0.5 mm. m lengt ^ ^ scrve t0 differentiate 

but the body-wall and particles of f d ^ larvaj on hatching from the 
it from the medium in which it is d ' . ente rs at thc growing tip 
egg, searches for a growing root an P _ a single root but 

and a gall is subsequently formed. Many larv«e may 
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the size of the gall and the number of larvae within are not necessarily corre- 
lated. 

While in the root, the larv£e undergo several molts and become true males 
and females. The mature male is similar to the larva in form and appearance. 
It is, however, much larger, being aty)ut 1400^ in length and 30^ in thickness 
(fig. 1). The female becomes pear-shaped and is from 400 to 1000/* in length, 
of a pearly white color. After being fertilized by the male the eggs begin to 
form. 

Brown, oval eggs are forced out by the female. These eggs measure about 
90/u in length and 40ju in thickness. Repeatedly, larvae were observed coiled 
within the thick shell of the egg. (Fig. 1 .) 

Under average greenhouse temperatures, the eggs hatch in 5 days and the 
newly-hatched larvae may immediately attack susceptible plants. The entire 
life-cycle in a greenhouse is completed in about 30 days. 

The larvae are capable of encysting and thereby capable of resisting adverse 
conditions, such as drought and certain chemicals. The eggs are likewise 
very resistant and this stage is able to withstand many strong chemicals. 

Before 1898 (10) very little attention had been given to the study of nema- 
tode control; the limited amount of investigation before this period dealt 
mainly with the morphology and physiology (1). From the standpoint of 
control, steam sterilization and some chemicals have been tested (2, 3, 7, 8). 
Satisfactory control is claimed by steam sterilization of the soil but this method 
is in many cases impossible or at least impracticable. A large number of 
chemicals (8, 10) has been -tried but so fax as known none has given satis- 
factory results. In view of the above facts, it was thought necessary to con- 
sider all phases of this problem that time would permit. 

•EXPERIMENTS 

Moisture 

The first experiment tried was to determine the effect of moisture on root- 
nematode activity. 

In the preliminary experiments with moisture it was seen that galls, taken 
from infested gardenia plants and placed in water over a source ofmild heat, 
produced very active nematodes. For further study galls of approximately 
the same size (3.5 x 3 mm.) were thoroughly, washed in distilled water and 
placed singly in stender dishes and each was treated, in a duplicate series, 
with different quantities of distilled water and maintained at a constant 
temperature for 72 hours and examined under the low power of a microscope 
at different intervals of time. All observations were from 1 hour to 72 hours. 
The results were the same at the end of 1 four as at the end of 72 hours. The 
observations are given in table 1. In the table, Series A and B are duplicates 
and have the same treatment. 
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Another moisture experiment was made to confirm the preliminary one. 
This was run in triplicate series, each series having the same treatment. 
Results are given in table 2. 

It can be seen from table 2 that the activity of the root-nematode is in- 
creased, the temperature remaining constant, with an increase in moisture 


TABLE I 

Effect of moisture on root-nematode act icily [at 2l°C.) 


WATER 

SERIES A 

SEiHKH 11 

CC. 

0.0 

Inactive 

Inactive 

0.1 

None out 

None out 

0.2 

Very few out and slightly active 

None out . 

0.3 

Very few out and active 

Few out and slightly active 

0.4 

Very few out and active 

Few out and slightly active 

0.5 

Many out and active 

Many out and very active 

0.6 

Many out and not active 

Many out and few active 

0.7 

Immerged, few slightly active 

Immerged but inactive 

0.8 

Immerged inactive 

None seen 

0.9 

None seen 

None seen 

1.0 

None seen 

None seen 

2.0 

None seen 

None seen 

5.0 

None seen 

None seen 

10.0 

None seen 

None seen 


TABLE 2 


Biffed of moisture on root-nematode activity {at 19 C.) 


WATER 

SERIES A — t/ARV.E 

SERIES B — IARV.E 

SERIES C — LAilV.E 

CC. 

0.0 

0 2 
0.3 
0,4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

Inactive 

One out and active 
Slightly active 

Some very active 
Many very active 
Many very active 
Many very active 

Few active 

None seen 

Slightly active 

Inactive 

One out and active 
Slightly active 

Slightly active 

Many active 

Many active 

Many active 

Slightly active 

Slightly active 

Slightly active 

Inactive 

None seen 

Slightly active 
i Some very active 

Some very active 

Some very active 
Slightly active 

None seen 

None seen 

Inactive 


n ji. Ci A nn d w hcn continued above 
until an optimum moisture content is re t > 

that point the activity is decreased. ^ ^ ^ tQ elim j na ie the 

In the above experiments, sten e w ^ f ound in tap water. This 

toxic substances, such as chlorine, copp > ’ was suggested that the 

introduced another factor— that o P as™ ' trat ; on 0 f the liquid in the 
concentration of sterile water was below the 
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body of the nematode and therefore plasmolysis might occur. This theory 
was tested by placing gardenia galls in a series of stender dishes containing 
sterile water and a similar series using water extracted from the soil— the 
natural solution in which the nematode normally lives. It was observed that 
the results from both solutions (0.2 to 1.0 cc.) compared very closely. 

This proved that sterile water had no plasmolyizing effect used in rates 
up to 1 cc., and that the experiments were therefore sufficiently accurate. 

Also, in connection with this experiment it was Thought that because a 
definite number of larvae were not used in each stender dish results would not 
be accurate. This possibility of error was dismissed on the ground that 
sufficient numbers (200 to 400) of larvae were present in each dish to give safe 
averages. In every test the gall was crushed in order to reveal the dormant 
larvae in observations recorded as “none seen.” The fact that some larvae 
emerged and others did not may be due to their location in the gall, that is, 
some of them were not near enough to the surface of the root to be affected 
by the moisture. The galls became submerged with 0.7 cc. of water. 

If in the above tables on moisture, "inactivity” means death, then flooding 
the soil might offer a remedy for nematode infestation. Furthermore, it 
has previously been observed in the South that the root-nematode does not 
occur in bogs or water-soaked lands. Many observers have noticed that the 
nematode occurs mostly in sandy soils and not in clays. This may be due to 
the fact that sand does not retain water for S,ny considerable length of time 
and thus allows sufficient aeration for the nematode. On the other hand, 
clay soils retain moisture and thus reduce the amount of air held. For the 
majority of cases, therefore, flooding was considered impracticable, and an 
unsatisfactory control, except perhaps under special conditions, and was 
dismissed from further consideration. 

T emperalure 

The next test made was to determine the effect of temperature on nematode 
activity. 

As in the experiment on moisture, gardenia galls of approximately the same 
size (3 mm. x 3.5 mm.) were immersed in 0.4 to 1.0 cc. of distilled water and 
triplicate series placed under three different temperatures. To keep the 
moisture constant the stender dishes were placed in tin trays containing water, 
and were covered with cheese-cloth which rested in the water and was kept 
moist by capillary attraction. 

Series I was placed out-of-doors, sheltered from rain. The temperature 
averaged about 8.8°C., or 48 D F. 

Series II was placed in an electric incubator at a temperature from 36.6 
to 38.8°C., or 98° to 102°F. 

Series III was placed in a greenhouse at a temperature of 26.6°C., or 80°F. 

The contents of all dishes were examined at the end of 24 hours under the 
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low power of a microscope. The results are given in table 3. Here again 
Series A, B and C have the same treatment. 

In the above table “none out 1 ’ and “none seen” indicate that no larva: 
had emerged, but at the end of this experiment each gall was crushed and 
inactive larvae were found. 

The observations recorded in table 3 seem to warrant the conclusion that 
the optimum temperature for the nematode is between 65° and 85°h Gen- 
erally speaking, temperatures above 65°F. increase nematode activity, and 
temperatures below 65°F. and above 85°F. decrease nematode activity. I be 
animal may be killed by freezing (32°F.), and by heating to 101°!. the larva: 
and eggs are killed. 


TABLE 3 



5 

«; 

i (AT 8.8 V) | 

. 

II (at 36.6 s to 3S.8°C.) 

( 

cc. 

0.4 

Out and active | 

Out and inactive j ( 

Series A . . . | 

0 6 

Out and active I 

Out and inactive 

0 8 

None out 

Out and inactive 1 1 

l 

1.0 

Out and active 

Out and slightly active 1 

f 

0.4 

i 

Out and active 

Out and inactive 

l 

0.6 

Out and active 

Out and inactive 

Scries B . . . < 

0.8 

, Out and active 

Out and inactive 

1 

1.0 

i Out and active 

None out 

l 

0.4 

[ Out and active 

None out 

i 

r’ 

0.( 

0. f 

1. ( 

i Out and active 

Out. and active 

Series C . . . ( 

j Out and active 

Out and inactive 

! 

3 Out and active 

None seen 


in (at 26.0%’-) 


Out and slightly active 

Out and very active 
Out and very active 
Oul and very' active 
Out and very active 

Out and very active 
Out and very active 
Out and very active 
Out and very active 


The above results suggested that djd not appcar 

soil to 101°F. would kill the larvs und gg- ature may be applied 

to be practicable for most J. infested sod to the hot rays 

with some degree of success * 

of the sun and turning it o*r to insure U»r g 


Chemical 3 


ug to discover a satisfacto^^dy^ ditec ied to the 


lire and temperature con ™ l ° n5 ’ that a great many of the favor- 
chemicals. Attheoutset.t^ on . ttedifor j. A .McClmtock (8 
icals used in soil sterilizat ion satisfactorily combated by any o 
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nium sulfate, formalin, nicotine, benzine or kerosene. Furthermore, Stone 
and Smith, in Massachusetts (10), demonstrated that the following chemicals 
are ineffective: manganese sulfate, common salt, potassium nitrate, magne- 
sium sulfate, calcium sulfate, kainit, sodium nitrate and lime. 

The recent success with sodium cyanide (NaCN) obtained by Dr. T. J. 
Headlee of the New Jersey Agricultural Experiment Station, as a soil sterilizer 
in the control of wire-worms suggested that the s^me treatment might be 
used in combating the root -nematode. 

Gardenia galls were placed in stender dishes as in experiments with moisture 
and temperature and treated with amounts of cyanide, ranging from 0.707 1 gm. 
to 0.0707 gm. dissolved in 10 cc. of water, giving solutions from 0,7 to 7 per 
cent concentration. On standing 48 hours the larvae had completely dis- 
appeared. This disappearance may have been due to disintegration. The 
eggs also were attacked and made colorless. 

The above experiment was repeated in duplicate, with 2 mg. NaCN dis- 
solved in 0.5 cc. of water (shown by the first experiment to be the approxi- 
mate optimum moisture). The results are given in table 4. 


TABLE 4 

Sodium cyanide treatment ( al 1S°C.) 


i 

A— LARV* 

fi — L ARY At 

1 

None out 

Dead 

2 

Dead 

Dead 

3 

Dead 

Dead 

Check (no NaCN) 

Very active 

Slightly active 


On crushing the gall in the cylinder 1A, the larvae were found to be dead. 
This test shows conclusively the high killing effect of cyanide on the larvae. 
This strength of cyanide (25 per cent) did not affect the eggs. 

Sphagnum Moss 

It has been noticed that roots of plants growing in sphagnum moss did not 
become infested with nematodes while roots on the plants not in sphagnum 
moss became infested. * 

This interesting point was summarily tested. Dry sphagnum moss was 
placed in a beaker of distilled water and boiled for 10 minutes. The mixture 
was then filtered and the moss extract applied at the rate of 0.5 cc. to gardenia 
galls in stender dishes as in previous experiments. The observations showed 
that the moss extract killed the larvae (table 5). 
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TABLE 5 


Effect of sphagnum moss extract treat mini {at 1ST.) 



CC. 

A 

n 

1 

0.5 

Dead 

Dead 

2 

0.5 

Dead 

Dead 

3 

0.5 

Dead 

Dead 

Check 

* 

Very active 

Wry active 


Formaldehyde 

A similar experiment was also tried with 40 per cent formaldehyde and the 
results are given in table 6. 

This demonstrates the high killing effect of formaldehyde. 


TABLE 6 

Effects of formaldehyde {40 per cent) treatment {at 1ST.) 



cc. 

A— LARVA 

8 — LARVjB 

1 

0.5 

Dead 

Dead 

2 

0.5 

Dead 

Dead 

3 

0.5 

Dead 

Dead 

Check 


Very active 

Very active 


DISCUSSION OF RESULTS 

The root-nematode (Beterodera radicicola) has been a serious pest to plants 
growing in certain soils and particularly in greenhouse soils. The investi- 
gations concerning this pest have been mainly morphological and the attempts 
to control it have thus far not given entirely satisfactory results. Steam 
sterilization of the soil does give complete control where it can be practically 
applied and with thoroughness, but the average conditions do not offer a 
way for the application. For example, greenhouses fitted for hot-water heat- 
ing are not adapted to the use of steam. It was for such a condition that the 

attempt was made to find another method. 

The first experiment was to determine the effect of moisture upon the 
nematode and it was observed that moisture is a necessity for activity but. 
the water content is in excess, then the animal becomes inactive. So there 

is an optimum moisture for the nematode. 

An experiment to test the effect of temperatuA demnOitod lhat the 
nematode is inactive at comparatively low temperatures and at ^empem 
tures, and its greatest activity is at a temperature from 65 to 85 F. 

there is also an optimum temp «*"*• ted this treatment as a 

The recent success with sodium > kil]ing the larviE 

possible remedy and it was found to 7 „ stage 

and in a moderately concentrated solution to destroy gg 
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Similarly sphagnum moss extract and formaldehyde were found to be toxic 
to the nematode. 


GREENHOUSE EXPERIMENTS 

The satisfactory results of different treatments in the laboratory led to 
experiments with soil in the greenhouse. Fortunately, a very thoroughly 
infested greenhouse bench offered itself for the experiment. This bench had 
just produced tomato plants which were thoroughly infested with nematodes. 

The tomato plants were removed and the soil raked clean of the roots and 
other objectionable materials and turned over thoroughly. Next the bench 
was divided into 7 plots, each separated by 5 inches of air space to prevent 
migration of nematodes from one plot to another. 

Plots 2, 4 and 7 were used as check plots. Plots 1 and 3 were treated with 
sodium cyanide (NaCN) at the rates of 100 pounds and 200 pounds per acre 
(or 0.036 ounce and 0.072 ounce, respectively). The cyanide was dissolved 
in water at the rate of 1 gallon of water to V? ounce and tt ounce of cyanide, 
respectively. 

The solution was applied to the soil with a sprinkling can at the rate of 
| gallon per square foot of soil, and at the same time the soil was turned back 
and then thrown over to cover the solution, In this way every particle of 
soil received the same strength of the solution. After 4 days, the soil was 
broken up and aerated. 

Another similar application was made to these two plots 5 days after the 
first application. This was done on the theory that the eggs of the animal 
might have resisted the first application and the larvae would have hatched 
at the end of 5 days under the greenhouse temperature (70° to 80° F.) and 
would be killed by the second application of cyanide. 

At the end of 3 days these soils were turned over and completely aerated 
to remove all traces of cyanide gas. The soil in these and check plots was 
all the time kept moist and in good tilth. At the end of another 3 days 
(February 7, 1917) these two plots and the check plots, No. 2 and 4, were 
planted to cucumbers, radishes and tomatoes. Mice attacked the seeds and 
necessitated replanting the cucumbers and radish seeds. 

At this time it was thought that the mice might have carried some particles 
of soil from the infested check plots, so note was made of this partly to explain 
any error that might occur. 

Plots 5 a*nd 6 were treated with sodium cyanide at the rates of 50 and 100 
pounds, respectively, to ascertain whether a weaker application would control 
the nematode, as laboratory experiments seemed to show, and whether or 
not one treatment would be sufficient. The same method of cyanide applica- 
tion was used as with plots 1 and 3. Plot 7 was reserved as a check plot. 
These plots were aerated 3 days after and planted 6 days after the application 
to lettuce, radishes, and tomatoes. 
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The percentage of seed germination was good and the seedlings m well 

growth Whe “ ‘ r bCCame evWent thal *** *« ™* making average 

Lk2o Th k WS rC f that ‘ he SOi ‘ *“ lo "' in liable nitroiren ami 
tankage was subsequently applied at the rate of 10 gm. per square foot (or 

approximately 800 pounds per acre). In a few days the plants began to show 
the effect and made a rapid growth. 


While waiting for the plate in these plots to make sufficient growth to 
observe results, several othfer experiments were performed. 

The question of the effect of the application of sodium cyanide on plants 
growing in soil was tested by potting up 4 infested tomato plants in infested 
soil and allowing them to grow under normal conditions for 2 weeks. One 
of these plants was treated with cyanide dissolved in water and applied at the 
rate of 50 pounds per acre and another at 100 pounds per acre, which were 
amounts found to kill the nematode in the laboratory. The remaining two 
plots were ufeed as checks. The plants in the treated pots wilted at the crown 


at the end of one day, and at the end of 5 days were completely dead, while 
the check plants grew as normally. Galls were examined from all plants and 
the nematode larvae in them were found to be alive and very active. 


The results of the greenhouse experiments were recorded from the time the 
plants had made a growth of 6 inches up to the time when they were 10 inches 
high (April 21, 1917). The plants were 18 weeks old at the time the final 
observations were recorded (table 7). 


TABLE T 


Greenhouse experiments with cyanide treatment 




Plot 

l 

Plot 

. 

Plot 3 

Plot 


Plots 

» 

ot 

; 

r 

()t 


DATE 

21“ 

Galls 

Galls 

Galls 

Galls 

Galls 

Galls 

G 

alls 



^ tu x 
CW 

S* 

M 

L 

S 

M 

L 

S 

M j L 

It 

L 

s ImI 

i i 

L 

S 

M 

L 

a 

M 

L 

March 31, 1917... 

20 

56 

9 

0 

148 

10 

0 

0 

ojo 

101115 

0 

1 ! 
8 3 ; 

0 

17 

0 

0 

125 

7 ! 

0 

April 11, 1917..:. 

IS 

30 

9 

1 

130 

9 

7 

2 

0 0 

40! 0 

0 

15 o! 

0 

60 

2 


37 

0 

0 

April 18, 1917.... 

15 

35 

7 

0 

100 

3 

4 

i 

0 0 

36 0 

0 

19 ! «! 

0 

130 


0 

no 

0 

0 

April 21, 1917.... 

_fl 

30| 

3 

H 

M 

7, 

13 

«i 

I o! o; 

1 37 2 I 

h 

m 

j 

110 

3 

2 

130 


15 


* S = small M = medium L = large 


This experiment demonstrated that cyanide to be effective must be applied 
in larger quantities than 100 pounds per acre to kill the larvae, and under such 
applications the soil must be free from growing plants. As shown by the 
previous experiment, seed will germinate and plants will grow well m soil 
which has been treated with sodium cyanide used as high as 200 pounds per 
acre in two applications, and wHich has been well aerated after the ^application. 

The table of observations shows that the treatment of 200 pounds of cyan.d 
per acre followed by a second treatment 5 days later g.ves "early a perfect 
control. Out of 80 plants examined only 3 gails were foun . , P y 
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witliin experimental error and the results warrant the recommendation of 
this method of sterilization. 

Due to the fact that the treated and untreated plots were so close together, 
some of the particles of soil and water carrying the nematodes could easily 
have been transmitted from one plot to the other. 

There was no apparent difference in growth of plants in the various plots. 
They all were very healthy-looking at 18 weeks after the seed was planted. 
The experiment was then discontinued. 

SUMMARY 

1. A serious pest to plants, growing in warm soils and especially in green- 
house soils, is the root-nematode (Heterodera radicicola ) sometimes called the 
eel-worm or root-gall worm. 

2. This parasite is a minute organism which penetrates the roots of plants 
causing them to become enlarged and deformed, and resulting in a hindrance 
to growth. 

3. The nematodes may be distributed by their own motion, by water, in 
soil clinging to implements, by infected plants transferred to an uninfested soil, 
by seed, by cuttings, and by manure. 

4. The following conditions are necessary for their growth and reproduction : 
(a) an optimum moisture, (b) an optimum temperature, (c) food, and (d) 
oxygen. 

5. The following were found to decrease nematode activity and may be 
applied as methods of control: (a) excess of moisture, (b) high temperature 
(101°F.), (c) formaldehyde, (d) sphagnum moss extract, and (e) sodium 
cyanide (NaCN) dissolved in water. 

6. In experiments with greenhouse soils the following treatment gave a 
satisfactory and practical remedy for nematode infestation: 

Sodium cyanide dissolved in water is applied in the proportion of 200 
pounds per acre, one-third gallon per square foot of soil. One week after the 
first treatment a second similar treatment is given. This method is for soils 
free from plants. The soil should be aerated and leached well before seed or 
plants are put into it in order to remove the greater amount of cyanide gas. 

7. The cost of materials for this treatment is $112 per acre. For green- 
house soils w r here steam sterilization is impracticable this is a remedy which 
is to be recommended. 


CONCLUSIONS 

The object of our study is thus accomplished. A satisfactory and practical 
control for the soil nematode is found in sodium cyanide. 

In treating nematode-infested soil, the number of square feet of soil should 
first be determined. The number of pounds of cyanide should then be cal- 
culated On the basis of 200 pounds per acre. Next, the amount of water, 
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figured on the basis oi M \ gallon per square foot of soil, should be determined. 
Dissolve the cyanide in the proper amount of water and apply the solution 
to the soil with a sprinkler. The soil should be well mixed and kept slightly 
moist and warm for 5 or 6 days before the treatment in order to bring the 
larvae from their cysts and therefore render them more susceptible to the 
treatment. The third day after the first treatment the soil should be stirred 
and aerated slightly. The same favorable conditions for nematode activity 
should be maintained until after the second treatment. About one week 
after the first treatment the second application determined in the same manner 
should be given. 

Of course, all plants should be removed from the soil before the application 
of cyanide, for most plants succumb to such a treatment. Before any seeds 
are planted or plants set in the sterilized soil, the soil should be .thoroughly 
aerated and leached somewhat to remove the traces of cyanide gas. 

Using this method of soil sterilization, the cost of the cyanide used would 
be 400 pounds at $.28 per pound, or $112. For greenhouse soil sterilization, 
this is an economical and entirely staisfact^ry in\estment. 
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